WATER POLLUTION CONTROL 
FEDERATION 


Special Features 


Trickling Filters—Burgess et al. 
Radioactive Wastes—Swope 
Design and the Operator—Newell 
Activated Sludge—Gaudy and Engelbrecht 
Metal Finishing Wastes—Tallmadge and Buffham 
Sludge Reaeration—Grich 


Whey Wastes—Ingram 
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LEVEL TRANSMITTER 


POSITIVE 
GAGING 
OF 
DISTANT 
LEVELS? 


METERING 
OF DISTANT 
FLOWS? 


B-1-F Chronoflo Telemetering infallible where others fail 
instantly, dependably records miles-away data at great 
savings in cost! 


Readings not affected by normal variations in line voltages, 
resistance, inductance, or ambient temperatures 


Power loss doesn’t call for readjustment saves time! 
FLOW TRANSMITTER 


Physical quantities measured directly in own terms no 
time lag! 


Response is faster allows better control! 

Need for elaborate off-normal alarm equipment is eliminated 
big cost savings! 

B-I-F has the know-how and experience in telemetering and 

remote control to help you operate more efficiently. Request 

Bulletin 230.20-2 for complete details compare this 

system with any other system! 


Industries 


BL DERS-PROVIODENCE PROPORTIONEERS OMEGA 


METERS + FEEDERS contRoLs / CONTINUOUS ROCES ENGINEERING 


Write B-I-F Industries, Inc., 368 Harris Avenue, 
Providence 1, Rhode Island. 


POSITIVE CONTR F MATERIALS FLOW 
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A SMALL 
COMPACT 
4 inch 
COMMINUTOR 


Comminutor for 
packaged sewage treatment 
plants and 
pump stations 


The NEW 4R Comminutor screening and comminuting 

Bulletin 184 machine, smallest (25” high with 4” drum) of those manu- 
factured by Chicago Pump is a self contained unit with 
stainless steel cutting teeth and comb. This new reverse 
cutting concept of comminution provides increased sewage 
solids cutting capacity. The cutting teeth, driven by a 4 hp 
motor automatically cuts all solids in the sewage inlet line. 
The unit with its adaptable mounting fits any inlet line and 
can be easily removed without pipe disturbance. 


LARGER COMMINUTING MACHINES 
THE ORIGINAL COMMINUTOR 


The original Comminutor, developed by Chicago Pump provides 
continuous screening and cutting of coarse sewage matter for use in 
hydraulically designed feeder basins. Sized for flows of .175 to 25 
MGD per machine. 


MODEL “C’’ BARM!NUTOR MACHINE 
Model *‘C’’ Barminutor—reversible screening and comminuting 
machine for channels 1 to 3 feet wide. Outstanding features include 
single motor drive counterweighted for extended life, stainless steel 
screen, ball bearing shoes and reversible cutting for increased cut- 
ting action and cutter life. 

Ideas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 


CHICAGO PUMP 


622 DIVERSEY PARKWAY e¢ CHICAGO 14, ILLINOIS 
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Historyland... 


, fine Hopewell, Virginia tradition 


with modern P.F.T. equipment 


Pilgrims, Progress and P.F. 


mold the colorful history of Hopewell, Virginia. 


Hopewell’s historic roots go back to 1607, a week before the settlement 


of Jamestown. Today Hopewell is a modern progressive city of over 
20,000 people with a growing chemical industry. Here is truly a wonderful 
blend of the old and the new. 


Steady growth demanded, among other things, that efficient sewage 
treatment facilities be provided. Sewage treatment equipment by P.F.T. 
(where quality and engineering know-how has been a tradition since 1893) 
was specified by the consulting engineering firm of R. Stuart Royer 

and Associates, Richmond, Virginia. 


P.F.T.’s pollution control equipment at Hopewell includes 2 P.F.T. 60’ 
Floating Covers with P.F.T. Insulated Aluminum Roofing and 
P.F.T.—Pearth Gas Recirculation. 1 P.F.T. #500 Heater and Heat 
Exchanger Unit, 2 P.F.T. Liquidometers with High and Low Level Alarms 
and 1 lot P.F.T. Gas Safety Equipment. 


P.F.T. Floating Covers shown in foreground at Hopewell, Virginia 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
E4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


PORT CHESTER, N.Y. © CHARLOTTE, N.C. ¢ JACKSONVILLE «© DENVER 
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e Chemicals 

e Chemical Mixing & 
e Metering equipment 

e Conditioning equipment 


quipment 


e Storage Space 
e High Filter Media Maintenance 


The Nichols * ‘Roto-Plug” Sludge Concentrator with its low initial | 
installation cost—plus its inherent efficient and economical joperation— ' 
places mechanical sludge dewatering within the reach of the smallest.» 
ity.” 
it eliminates expensive vacuum and filtrate equipment, chemical 
mixing and feeding equipment, conditioning equipment, chemicals, and 
high filter-media maintenance. Savings of 38%, compared with other 
methods of sludge dewatering, are typical. 


Get all the facts. Write today for four-page technical bulletin 
RP-100. 


*Equipment Development Co., inc. 


NICHOLS | Engineering & research Corp 


80 Pine Street, New, York 5, New York 
3513 Hovey Street, indianapolis 18, Ind. 1336 North Corolan Ave., Burlingame, Calif, 
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Scott E. Linstiey, Sec.-Trea Childs Rd., 


St. Paul 6. Mint North Carolina Water Pollution Control Assn. 


Tre Rr M Int i} il 
(England) Institute of Sewage Purification B Gree I N. ( 

W. I SNOOK Cromwell Pl., South 
Kensington, I jon, S. W. 7, England | North Water Pollution 

* (England) Institution of Public Health Engi- Health, | rck, N. Dak 
V. Batsom. Ss 179 Vauxhall Bridge Ohio Water Pollution Control Conf. 
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Federal Sewage Research Assn. O! 
Martin F. Kunxket, Sec.-Treas., R 4232, HEW 

South Bldg.. W inet ee Oklahoma Water, Sewage and Industrial Wastes 
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Be 
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Armco Structure Fights Salt Water, 
Industrial Sewage Corrosion 


Withstands 
Differential 
Settlement, 
Too 


Because Armco AsBESTOs- 
Bonpep® Corrugated 
Steel Pipe met all the re- 
quirements of a tideland 
industrial sewage instal- 
lation, it was specified by 
consulting engineers for 
the new Bestwall Gypsum 
Company plant, Bruns- 


wick, Georgia. 


See how Armco Corrugated Steel 
Structures—in a full range of 


lengths, diameters, gages and pro- ¢ a Drainage 
tective coatings—can meet your 

sewage disposal requirements. Just ARMCO & Metal 
write Armco Drainage & Metal Prod- 

ucts, Inc., 4171 Curtis Street, Products 
Middletown, Ohio. We'll send com- 


plete technical data. 
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MEMBER ASSOCIATIONS MEETINGS 


Association * Date Place ° 


New Zealand 


Aug. 28-29 Metro. Drain. Bd. Conf. Rm., Auckland, 
New Zealand 


Georgia Georgia Institute of Technology, Atlanta 


Kentucky-Tennessee Brown Hotel, Louisville, Ky. 


Germany Hamburg, Germany 


South Dakota Sheraton Hotel, Rapid City 
I 


Missouri Kentwood Arms Hotel, Springfield 


Rocky Mountain Oct. 2-4 La Katchina Hotel, Taos, N. Mex. 


North Dakota 


Gladstone Hotel, Jamestown 


Pacific Northwest 


Hotel Winthrop, Tacoma, Wash. 


Florida 


Cherry Plaza Hotel, Orlando 


New England Nov. 1-2 Northampton Hotel, Northampton, Mass. 


Nebraska Nov. 8-9 Hotel Lineoln, Lineoln 


South Carolina 


Richland County Health Center, Columbia 


North Carolina Nov. 13-15 George Vanderbilt Hotel, Asheville 


Indiana Hotel Washington, Indianapolis 


Oklahoma Nov. 27—Dee. 1 Oklahoma State University, Stillwater 


Louisiana Louisiana State University, Baton Rouge 


Kansas Lassen Hotel, Wichita 


Pioneer Hotel, Tucson 


Arizona 


Michigan Park Place Hotel, Traverse City 


* See preceding left-hand page for full name. 


THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 


Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 


Hotel Headquarters—Schroeder 
October 8-12, 1961 
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The VORTAIR aerator by INFILCO Inc. 


dissolves up to 4 pounds of oxygen per hour per motor 
horse power in sewage or industrial wastes 


For biological treatment of wastes, this surface aerator provides a most 
economical means of oxygen transfer—in new activated sludge plants, in 
plant expansions, in stabilization ponds or in oxygen-deficient streams. 

Heretofore, successful application of mechanical surface aerators has 
been limited by low oxygen input and poor mixing. Now, as a result of 
extensive hydrodynamic research, the’‘VORTAIR’’aerator provides high 
oxygen input per motor horse power, and good mixing. 

Elimination of air compressors cuts installation, maintenance and 
power costs up to 45%. Installation on platforms, bridges or rafts is 
simple and economical. 

Performance in many municipal and industrial plants proves the 
efficiency and economy of the ‘‘VORTAIR’’ aerator. Standard models are 
available from 1 to 150 horsepower. 

The *‘VORTAIR” aerator merits your INFILCO 
consideration. For more information write —Tucson, Arizona 
‘¢ today for Bulletin 6620-A. 


n other countries. 


Subsidllary of Genera! American Transportation Corporation 
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types 


More and more communities—large and small—are looking into the 
possibilities of treating both refuse and sewage sludge at the same 
plant site. Aside from the obvious savings in land acquisition costs, 
the dual function plant offers many other benefits. Manpower and 
equipment can be combined to eliminate costly duplication. And the 
heat generated in burning either refuse or dried sludge can be used 
as an economical source of steam for heating or power merely by 
adding a C-E Waste Heat Boiler to the outlet end of the incinerator. 
This is no cost heat. 


Heart of the C-E 2-in-1 disposal system is the C-E Traveling Grate 
Incinerator Stoker. Using “continuous processing” the C-E Incin- 
erator Stoker requires only minimum attention and maintenance. 
Refuse (alone, or mixed with dried sludge) is fed into the self- 
sealing, non-clogging hopper. It is reduced to a sterile ash, free from 
clinkers and automatically discharged to the ash pit. This ash is 
suitable for use as a sanitary land fill. 


Heat from the burning waste is used to dry sludge in the C-E 
Raymond Flash Dryer. This service-proved equipment provides 
high temperature deodorization and effi- 
cient fly ash collection. The dried sludge 
can then be incinerated to provide heat for 
further sludge drying, or can be used as a 
soil conditioner —in parks or recreation 


areas, or for sale to gardeners. 


the C-E Raymond Flash Drying 
and Incinerator System permits both drying and incineration of 
sewage sludge—separately or together—in any proportion. Where 
combined sewage and refuse disposal is not feasible, this system 
provides maximum efficiency in processing filter cake 


DIIDNIA 
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sewage sludge 


COMBUSTION ENGINEERING 


General Offices: Windsor, Conn. * New York Offices: 200 Madison Ave., New York 16 
Raymond Division: 427 West Randolph St., Chicago 6, lil. © Western Office: 615 So. Flower St., Los Angeles 17, Col. 
Canada: Combustion Engi ing-S heater Ltd. 
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MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 


: 
= 
* ~ REFUSE AND SEWAGE DISPOSAL SYSTEM 
| 
bu ing ev ery kind of marginal and waste fuel increased, Manpower requirements are minimal. 
4 ying sy: ‘that today processes more The system is capable of burning all types of 
with drying sy nat today e The system is capable of ng all 
entire opera’ omatic; efficient, quick and from 50 tons per 24-t 
| fs 
% 
| 
ad 2 
4 
i 


JOURNAL WPCF 


Assurance 
of continuity 


of service 


Cement-lined cast iron pipe always delivers 
a full flow of water and rarely requires repair. 
These two features alone offer ample assur- 
ance of water when you most need it. 
But there are other reasons also: 
Cast iron pipe is flexible enough to permit 
deflection, both during and after installation; 
yet, its bottle-tight joints are tight enough 
to resist hundreds of pounds of pressure. 
Rugged cast iron pipe withstands com- 
mon disturbances such as overhead traffic, 
ground movement and water hammer; it 
installs easily; it performs efficiently day 
after day ... and will continue to do so for 
over a century. 


CAST IRON PIPE 


THE MARK OF PIPE THAT LASTS OVER 100 YEARS 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 
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“Could you fetch it 
a little quicker Gran’maw 


Tyton lays mighty fast y’ know” 


SEWERAGE AND 


» 
3 
: 
cast iron 
PIPE FOR WATER, 
| 
‘ 
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TYTON 


ONLY FOUR SIMPLE ACTIONS 


stays ahead 
of the job 


Insert gasket with groove over bead in gasket seat 
a simple hand operation 


ast. And you get the 


aid per man. 


U.S. PIPE AND FOUNDRY COMPANY 


Wipe film of Tyton Joi lubricant o 
gasket. Your receivir 


penera A 


Insert plain end of enterin 


gasket. Note two painted str 


Push entering pipe until the first painted stripe dis 
appears and the second stripe is approximately flush 
with bell face. The joint is sealed... bottle-tight 
permanently! The job's done fast, efficiently, 
economically. Could anything be simpler? 


3 
: 
. 
5 
= 
L 
J / 
No need for y r ditcher to dally 
y pif ps pa ay ght w 
your laying crew. Even in rain or wet trenct 
needed—a rubber gasket. No be holec nit y 
bolts or caulking equipment \ \ 
€ wer € 1S Ch\ | 
\ 
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RID 
LOW-SETTLING SOLIDS FAST 


EIMCO-PROCESS 


FLOTATOR-CLARIFIER 
TREATMENT UNIT 


HOW SOLIDS ARE REMOVED... 


Eimco-Process Flotator-Clarifier units combine dissolved 
air flotation and conventional sedimentation in a single 
tank. Slow-settling solids and solids tending to re- 
main in suspension — are removed by flotation. Rapid 
treatment, in less clarification area. 


Eimco - Process Flotator - 
Clarifier unit installed at 
Fairfield - Suisun, Califor- 
nia, Sewage Treatment 
Plant. Solano Engineers, 
Associated, Vallejo, Cali- 
fornia, Consultants. 


41 4a 
¥ 
4 
12 
nen 
‘ 
: 
bt: 


JOURNAL WPCF 


HANDLES MANY TYPES OF WASTES... 


Flotator-Clarifier units have been in- 
stalled for primary clarification of 
sewage .. . for removing and recover- 
ing finely divided solids and low 
specific gravity liquids from industrial 
process waters. 


REDUCES TREATMENT COSTS... 


Pressurization of influent or partial 
pressurization of effluent with air 
speeds the flotation of near-colloidal 
particles . . . results in fast solids 
removal and maximum economy of 
operation, 


The Eimeo Corporation 


Sait Lake City, Utah 


Ask the Eimco-Process representative in your area for more details. 
And write Eimco’s Process Engineers Division for Bulletin PJ-1008. 


Flotator is a trademark of The Eimco Corporation. 


SAVES SPACE ANDTANK COSTS... 


Suspended solids removals equivalent 
to those of a conventional clarifier are 
obtained in about half the tank area. 


HANDLES WIDELY VARYING FLOWS... 


Eimco - Process Flotator - Clarifier units 
are built with a number of design 
innovations that enable the unit to 
handle waste surges, yet operate effi- 
ciently during periods of low flow. 


REDUCES PLANT ODORS... 


Treatment is fast and efficient. Long 
detention periods are eliminated. Sep- 
ticity and objectionable plant odors 
are greatly reduced. 


Process Engineers Division 
420 Peninsular Avenue, 
San Mateo, California 
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Sewer to Truck NON-STOP—no complicated auxiliary dumping devices 


For the big job. in sewers 24” and up, the Heavy Duty Model Truck-Loder gets 
the job done FAST by using a 5.4 cu. ft. bucket. Special wide flange rollers to 
handle the big bucket; heavy duty framing; and the 25 h.p. Wisconsin air 
cooled engine, make short work of a tough job. Many cities report removing 5 to 


6 truck loads of sewer muck in one day 


Like regular Flexible Truck-Loders, the Heavy Duty Model has the streamlined 
direct truck loading features that other complicated auxiliary devices have 
never been able to equal. The operator is able to remotely control, shake and 
thoroughly empty the bucket over the truck. Optional features include the 
Instant Dual Speed Transmission and a Cable Footage Meter 


fore you buy, check with 
Flexible — originator and leading 
manujacturer of truck loaders 
Wide choice of models 


Write for details 


3786 Durango Ave., Los Angeles 34, Calif. - 1005 Spencerville Road, Lima, Ohio 


{ 
TIrvinir. oN 
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a 415 South Zangs Blvd., Dallas, Texas 
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highly resistant to wear and abrasion 
in sewage and water works systems 


Everbur* copper-silicon alloys have 
excellent resistance to corrosion in 
all types of water works installations 
and at all stages of sewage treat- 
ment operations. EVERDUR equip- 
ment in the United States has been 
in service without replacement for 
30 years and longer. 

Easily fabricated EvERDUR pro- 
vides high physical strength with 
lighter weight. It is used extensively 
in sewage systems handling corro- 
sive wastes in screens, stems, man- 
hole steps, guides, bolts, weirs, float 
chambers, troughs. And for water 
works equipment you will find 
EVERDUR alloys in long service as 
surface reservoir outlet screens and 
screen frames and as large diameter 
cylindrical well screens in drilled 
well supply systems. Other uses: 
spillway fittings, guides, seats and 


sealing strips. And don’t forget 
EveERDUR Electrical Conduit for use 
in corrosive atmospheres. 
Publication E-11 shows typical 
applications and other data. Write 
for your copy—or for assistance from 
our Metallurgical Dept. in selecting 
the proper corrosion-resistant alloys 
for your equipment. Address: Ana- 
conda American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Canada. 61-811 


EVERDUR® 


@ product of 


ANACONDA 


AMERICAN BRASS COMPANY 
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TRUE EFFICIENCY 
WITH FLEXIBILITY 


THE TRUE EFFICIENCY of any type of sewage aerating equip- 
ment is best measured in terms of oxygen dissolved into the 
sewage, not air ‘‘delivered”’ to it. Until the oxygen is in solution, 
it is not available to the aerobic organisms responsible for 
purification. 

As a result of recent investigations, it is becoming increasingly 
apparent that oxygen absorption is almost entirely dependent 
on the rapid and continuous creation of liquid-to-air interfaces. 
This fact has been long known but not forcibly demonstrated 
until recently. All oxygen absorption occurs at the liquid ‘‘sur- 
faces’’—regardless of equipment design or method of aeration. 


Therefore, the gauge of efficiency, whatever type of equipment 
you consider, is ‘‘Ibs. of oxygen absorbed per KWH.” 


Compare Hi-Cone's ‘efficiency rating’’ with any other aeration 
equipment. At the same time, investigate the ease with which 
Hi-Cone handles variations in waste flows and strength through 
easily adjustable weirs and variable operating speeds. You can 
get this information by asking your Yeomans representative or 
the factory for the studies offered at right. 


TYPICAL FLEXIBILITY AND EFFICIENCY OF NO. 70 HI-CONE 
(OXYGENATION CAPACITY—20° TAP WATER) 


"Cone | Absorbed NET KW “per tb. 

at 20°C Absorbed 
34 37.2 7.0 .188 
42 57.5 9.9 172 
38 38.7 7.3 .189 
46 54.0 10.0 .185 
34 27.7 49 
50 54.0 9.5 .176 


Units for 


NOW AVAILABLE! 


Basic Data for 
Evaluating 
Aeration Equipment 
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SURFACE AERATOR 


——— DRIVE UNIT 


BEAM 
ROTATING 
“CONE” 
\ 
ADJUSTABLE 
UPTAKE + 
, € SUBMERGED NO AUXILIARY re 
BEARINGS EQUIPMENT 
SHAFTS 
/ 
IT 
- - > > > 


ALL Sizes of Waste Treatment Plants 


Aerobic Digestion Plants 1999-7 N. Ruby Street Melrose Park, Illinois 
Aerator Performance Studies WASTE HANDLING SPECIALISTS FOR OVER 60 YEARS 
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Get the ALUM you want 
when you want it... 
from GENERAL CHEMICAL 


Atlanta, Ga 
Barnet, B.C.* 
Chillicothe, O. 
Cleveland, O 
Denver, Colo 
Detroit, Mich 
E. St. Louis, III 
El Segundo, Calif 
Hopewell, Va 
Jacksonville, Fla 
Johnsonburg, Pa 
Kalamazoo, Mich 
Kennewick, Wash. 
Macon, Ga 
Marcus Hook, Pa 
Menasha, Wis 
Middletown, O 
Monroe, La 
New Orleans, La 
Pine Bluff, Ark 
Port Arthur, Ont.* 
Port St. Joe, Fla 
San Francisco (Port 
Chicago) Calif. 
Savannah, Ga 
Tacoma, Wash 
Thorold, Ontario 
Vancouver, Wash 
Wisconsin Rapids, Wis 
Valleyfield, Quebec 


In Canada 


Allied Chemical Canada, 


Whether you are planning future alum require- 
ments . . . or need immediate shipment—call 
General! Across the country we have 29 plants 
producing dry or liquid alum. , . and a coast-to- 
coast chain of warehouses stocking dry alum. 
Delivery is fast, sure, when you want it! 


General’s dry alum is clean, uniform in strength, 
free-flowing and easily soluble. Our liquid alum 
is exceptionally pure, low in insolubles and iron. 


Check quality, plus the convenient General 
Chemical locations listed at left . . . and the next 
time you think of alum, think of General 
Chemical! 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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EVANITE PLASTIC LINERS 


os Evanite Plastic Pipe Lining is the proved, tested, economical way to make 
deteriorated sewer lines better than new. Leak-tight liners slide into the failing 
sewer—keep wastes from seeping out and prevent the infiltration of ground water 
hat overtaxes treatment plants. 


You save the cost of excavating and replacing an entire line. And Evanite Liners 
are so easy to install, an inexperienced crew can do the job perfectly. Light, 
y 10-foot lengths are easy to handle, easy to join. No special skills are required 


- The Evanite Plastic Company will assign its own consultants to your job to provide 
your crews with basic installation instructions, show them how to save 


time and materials. 


Evanite is the newest advancement in the rehabilitation of leaky, corroded, and 
defective sewers. Write for complete information and technical data 


GUARANTEED 50 YEARS! 


Even though the lined sewer may be 

| slightly smaller in diameter, its carrying CABLE EVANITE FAILING 
To 10.FOOT PIPE 
capacit a - 
apacity is generally unimpaired, be MANHOLE POINTER LINER SECTION LINE 


cause of the unique hydraulic efficiency 


of plastic (with the lowest ‘'n"’ factor of 


any pipe material), plus the exclusion of 


infiltration from ground waters 


CARROLLTON, OHIO Telephone 68 . LEESBURG, FLORIDA Telephone ST 7-1321 
Division of 
THE EVANS PIPE COMPANY + UHRICHSVILLE, OHIO 
One of the nation’s largest manufacturers of face brick, clay pipe, flue lining, wall coping and related construction materials 


More than 50 years of faster, friendier service 
y EVA-361-1828 
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Start of a 
100 YEAR 


This reinforced concrete sewer will be in service generations from now, because concrete 
surpasses all other materials. Most concrete sewers do not require protection, but when 
strong chemical effluents or oxidized H,S are a problem, only T-Lock AMER-PLATE pro- 
vides positive protection. T-LocK AMER-PLATE is a high molecular weight polyvinyl 
chloride sheet which is cast into the concrete during manufacture 


T-Lock Amer-Plate meets all the requirements of the ideal sewer lining: 
T-Lock is extremely dense and impervious. Permanently protects concrete from chemical effluents 
and corrosion 
T-Lock is permanently flexible. Tensile strength minimum is 2200 psi; elongation at break 
is a minimum 200% 
@ It is mechanically bonded to the pipe. Pull tests result in the breakage of concrete before T-Lock fails. 
T-Lock withstands 40 psi back pressure, equal to a ground water head of 85 feet. 
@ T-Lock has a smooth, highly abrasion resistant surface . . . maintains its N factor of .010 indefinitely. 


There are no other materials — paints or troweled-on mastics, mortars, sacrificial aggre- 
gates or admixes — which meet these vital requirements. 

Where protection is required, only T-Lock will do the job. Compromise methods are 
a gamble which experienced sewer designers will not take; they know it is money wasted 
to specify linings which will fail within a few years. 

Because T-LocK AMER-PLATE is the only completely satisfactory material on the 
market today, millions of square feet are now in use in cities throughout the nation. 


For a complete list of users and specifiers, 
plus technical data, write: 
Dept. SR, 4809 Firestone Bivd., South Gate, California 


1358 
921 Pitner Ave 360 Carnegie Ave 111 Colgate Ave. 2404 Dennis St 6530 Supply Row 
Evanston, Ill Kenilworth, N.J Buffalo, N.Y Jacksonville, Fla Houston, Tex. 
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protect your pipeline 


from too much or too little of it. 


1. Prevents water hammer: Type CCAV 
Controlled Closing Air Valve protects 
against damaging effects of surge and water 
hammer. Combines functions of an air inlet 
valve (vacuum breaker) and a controlled 
closing unit (to prevent sudden water stop- 
page and subsequent water hammer). 4” 
and 6” sizes. Capacities from 575 to 5980 
gpm. Send for Bulletin 1225. 


2. Removes excess air: Type AGFD Auto- 
matic Air Release Valve prevents stoppages 
due to air-lock at high points in line. Has 
large discharge capacity, excess power to 
insure opening of the valve against high in- 
ternal pressure. Can be equipped to hold 
vacuum, preventing re-entry of air into 
pipeline through valve. Furnished with 2”, 
1144” or 1” inlet diameter. Standard valve 
operates to 250 psig—special to 300 psig. 
For details, send for Bulletin 1206. 


3. Protects sewage pipelines: Type “B” 
Air Release Valve, special for lines carrying 
sewage or sludge, removes entrained air 
and gases. Special trap catches sludge, pre- 
vents fouling of air release valve. Relatively 
simple back-flushing cleans out this trap, 
maintains top efficiency and _ protection. 
Valve itself is same as Type AGFD. Details 
are in Bulletin 1206. 


4. Provides three functions: Type AV Air 
Release and Air Inlet Valve performs three 
operations, combines great protection and 
single-unit economy: (1) Automatically re- 
leases accumulated air, (2) admits air to 
break vacuum, and (3) vents pipeline to 
permit escape of air when filling system 
with water. Standard units operate to 150 
psi. For full details, send for Bulletin 1205. 


5. Breaks vacuums: Type VAC Air Inlet 
Valve solves twoserious pipeline problems: 
possible collapse of pipelines due to for- 
mation of vacuums—and stoppage of flow, 
caused by air binding when ees are being 
filled. Standard units have 4” to 10” inlet 
diameters, can be assembled in groups to 
do the work of one large, expensive valve. 
For detailed information send for Bulletin 
1200. 


SIMPLEX werer 
LANCASTER, PENNSYLVANIA 
a division of 


& PFAUDLER PERMUTIT INC. 
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3310 Enamel, hot-applied vinyl, to con- 


crete pipes. 2630 gallons of Primer and Enamel were used on this job. 


Inertol Hot-Vinyl Coating Protects 
South River Interceptor Sewer Pipe 


As part of New Jersey’s Raritan River 
clean-up project, the Middlesex County 
Sewerage Authority was to lay 25,370 lineal 
feet of concrete interceptor sewer pipe. In 
addition to domestic sewage, the pipe was 
to carry harsh acid and alkaline industrial 
wastes 

Too big a job for bituminous coatings, 
consulting engineers Bogert and Childs 
specified the Inertol Rigortex® 3310 Hot- 
Vinyl System. It has outstanding resistance 
to chemical conditions—including hydrocar- 
bon wastes. It bonds exceptionally well and 
provides high-velocity flow. It is economi- 
cal—gives almost 5 times as great mil thick- 
ness per coat as cold-applied vinyls, plus 
30% savings in labor, and 10% in material. 


First, one coat of Rigortex 3310 Primer 

yas applied by spray (dry film thickness of 
15 mils). Then one coat of Rigortex 3310 
Enamel was applied by hot-spray (4.5 mils), 
producing the specified total dry film thick- 
ness of 6.0 mils. 

A paint best suited to your problem can 
be selected from Inertol Company’s com- 
plete line of protective-decorative coatings. 
Buy Inertol paints direct from manufac- 
turer. Shipment within 3 days from our 
plant or warehouse stocks in your area. 
Write for Rigortex 3310 specifications on 
your letterhead, giving your title. For full 
specifications on Inertol coatings for sew- 
age plants and water works, ask for free 
booklet SI-751. 


A complete line of quality coatings for water, sewage and 
industrial wastes plants and swimming pools. 


a> 


INERTOL CO., INC. 


482 Frelinghuysen Ave., Newark 12, N.J. © 27-H South Park, San Francisco 7, Calif, 
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™ NEW DOWPAC 
MEDIA TREAT 
AND 


| WASTE FAST IN 


LITTLE SPACE 


... DIS. offer 


pulot plant 


fo prove SYSTE 


your waste conditions: 


Contoured plastic sheets of 
Dowpac" packing media interlock 
above) to form a continuous, light- 
weight grid for low-cost treatment 
of water-borne wastes. Because of 
light weight and high operating 
efficiency, a waste treatment system 
using Dowpac requires much less 
land area for construction than 
other waste systems, while operat- 
ing at higher waste concentrations. 


Cost advantages — Economical first 
cost... low maintenance and oper- 
ating costs . . . conserves expensive 
land. Operating advantages —large 
area for bacterial growth . effi- 
aeration freedom from 
plugging. Total advantages —a 
1).1.S. waste treatment system using 
Dowpac costs you less to install and 
operate and treats more waste faster, 
at higher concentrations, than other 
kinds of systems. 


cient 


Pilot plants employing Dowpac can 


DOW INDUSTRIAL SERVICE 


Dowpac provides tremendous surface area in a small volume of 
space, it weighs little, and tower maintenance costs are negligible. 


be rented or purchased, and D.1i.8. 
engineers will help customers develop 
the most effective use of Dowpac 
for their particular waste condi- 
tions. Dow Industrial Service works 
with industries of every kind, any- 
where in the U.S. Further, D.ILS. 
offers consulting laboratory service 
for water and waste treatment, 
backed by technical resources of THE 
DOW CHEMICAL COMPANY. For further 
information, write 
or call DOW INDUS- 
TRIAL SERVICE, 
20575 Center 
Lidge Road, 
Cleveland 16, O., 
Dept. JIWPCFS. 

FREE BOOKLET on low-cost 
high efficiency waste treatment 


using Dowpac. Send tor a copy 
today 


FOR WASTE TRCATMENT 


Dowpac is a trademark 
for packing mecia— 
not pilot plant 


— | 
—_ 


of The Dow Chemical Compar 


Divisior 
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Yes! More and more specifications are calling for 
leakage (exfiltration) tests. Therefore, contractors 
have to be prepared for them. 

When a line has to be tested before backfilling, con- 
tractors will usually look to Transite®, the white sewer 
pipe. You see, many have found it economically un- 
sound to challenge a leakage “spec” with any other 
joint than a Ring-Tite® one. And, no wonder! This 
exclusive Transite joint is precision-machined instead 
of molded. 

There have been times, and all too frequently, when 
materials other than Transite have virtually ruined 
contractors’ job costs because of the time it has taken 
to condition a non-Transite line to eventually pass a 
leakage test. Incidentally, Johns-Manville is so sure 
of their Ring-Tite Joint, they don’t consider a specifi- 
eration of 100 gallons/inch diameter/mile/day a tough 
one to meet at all. 

vohns-Manville’s movie—‘Pipelines To Health’— 
tells why a Transite line is a sound investment today 
and for the future. It’s available along with facts and 
data to support their claim that “Transite is designed 
with sewer service in mind.” Write to Johns-Manville, 
Box 14, JW-5, New York 16, N. Y. In Canada: Port 
Credit, Ont. Cable address: Johnmanvil. 


Test water goes in... st 
— 


JOHNS-MANVILLE 
TRANSITE PIPE 
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HOMESTEAD LUBRICATED PLUG VALVES 


They keep right on working when ordinary 
valves have to be replaced. Why? For several 
reasons. First, because of very close tolerances 
between sealing surfaces of the plug and body 
(.002” clearance on small sizes, and .005” to 
.007” on the largest sizes). Second, because of 
their controlled pressurized lubrication system 
which guarantees complete coverage of all seal- 
ing surfaces, provides chemical seal against 
leakage and protection against corrosion. Add 


to these the positive plug-freeing action which 
occurs with each lubrication, and it’s easy to 
see why Homestead Lubricated Valves last. 
Get the complete story. Send for Reference 
Book 39-1; and for the assurance that quality 
brings, specify Homestead Lubricated Plug 


Valves. 


HOMESTEAD VALVE MANUFACTURING COMPANY 


“Serving since 1892”’ 
P.0. Box 48, Coraopolis, Pennsylvania 


Makers of: Homestead Ball Valves, Cam-Seald, Lever-Seald and Lubricated Plug Valves, 
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That’s GORMAN-RUPP PUMPS for you! 


When Chas. Cusson Ltd., of Montreal, 
Quebec, built their building in 1952 
(and it’s a model of its kind) they put 
in reliable self-priming, solids-handling 
Gorman-Rupp pumps for sewage sump 
operation. And wouldn't you call 9 
years of uninterrupted service—with- 
out a moment’s trouble—pretty fair 
justification? 


As illustrated above, two motor- 
driven pumps are paired on the line. 
For stand-by they used an engine- 
driven pump, solidly piped up. All 
three pumps are heavy duty. All are 
self-priming. The regulars are solids- 
handling, with quick-removable end- 
plates. That means easy cleanout and 
back on the line again in minutes, not 
hours or days. 

These are the sewage pumps that you 
can install high and dry. Or, in a dry 
well, if desired. They’re low in first cost, 
low in installation cost, easy to service 
and maintain. @ Call your Gorman- 
Rupp Distributor, or write us direct. 


THE GORMAN-RUPP COMPANY 


305 BOWMAN STREET 


MANSFIELD. OHIO 


Gorman-Rupp of Canada Ltd., St. Thomas, Ontario 
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Today's Clay Pipe is an all-new product—longer, stronger, 
better jointed. Robinson research has played an important 
part in creating the fastest-laying, longest-lasting, most leak- 
resistant Pipe ever introduced. And Robi "s 15 strategic 
branches and yards get it to trenchside . . . on time. 


LENGTHS. Extra-long Robinson Pipe eliminates hundreds of 
joints in every mile of sewer, cuts labor costs and installation 
time. 

STRENGTH. New Robinson Clay Pipe is vacuum-formed for 
extra density . . . crushing-strength that stands up under 
live loads. 

JOINTS. Choose Wedge-Lock”, Wedge-Lock® Type con- 
forming to ASTM Designation C425, Type | and Type Ill; or 
Slip-Joint Robinson has all three of the tested-and-proved 
factory joints 


GUARANTEE*. Now extended to 100 years . . . your assurance 
that public health and public money will be well protected 


Write for a copy of the 100-year Clay Pipe Guarantee certificate 


A complite wew produit~ bell spigot | 


THE AKRON, OHIO + ALBANY, N. Y. + BALTIMORE, MD. - BOSTON, MASS. + 
ROBINSON BUFFALO, N. Y. + CALDWELL TOWNSHIP, N. J. « CHICAGO, ILL. « EAST 

HARTFORD, CONN. « INDIANAPOLIS, IND. » NEW YORK, N. Y. + PHILA- 
I LAY PRODUCT co. DELPHIA (POTTSTOWN, PA.), PA. « ROCHESTER, N. Y. « SYRACUSE, N. Y. 


ESTABLISHED 1856 
AKRON 9, OHIO ‘ TORONTO, ONTARIO, CANADA + YONKERS (WESTCHESTER CO.), N. Y. 
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Valuable new information 


describing 


NEW EQUIPMENT 
FOR ACTIVATED 
SLUDGE TREATMENT 


Climaxing almost 10 years of research, Basic information is contained in the 

Dorr-Oliver® now presents four advanced 1 newly published bulletins shown above. 

developments in equipment for treat- The equipment described comprises: 

ment of sewage and industrial wastes by 1. THE D-O® AERATOR 

the activated sludge process. 2. THE D-O INKA AERATION SYSTEM 
Thoroughly proven in full scale plant 3, THE D-O SPIROVORTEX® SYSTEM 

installations, they offer the consultant or 4. THE DORR® RSR CLARIFIER 

sanitary engineer new opportunities for For copies of these bulletins, write 

efficient sewage plant design and maxi- Dorr-Oliver Incorporated, Stamford, 

mum flexibility to meet a particularneed. Connecticut. 


DORR-OLIVER 


WORLD-WIDE RESEARCH ENGINEERING * EQUIPMENT 
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EVALUATION CRITERIA FOR 
DEEP TRICKLING FILTERS 


J. K. Carswell 


Editor’s note: Filter loading rates are reported in this paper as mil- 
lion gallons per acre per day (mgd/aere) and pounds BOD per acre-foot 


F. J. Burgess, C. M. Gilmour, F. Merryfield, and 


per day (lb/day/acre-ft). To convert to the recommended units of gal 
lons per day per square foot (gpd/sq ft) and pounds BOD per day per 


1,000 cubic feet (Ib/day/1,000 eu ft), 


given in ‘‘ Units of Expression for 


Wastes and Waste Treatment,’’ Manual of Practice No. 6, Water Pollu 
tion Control Federation, Washington, D. C. (1958), use the following: 


million g 


allons per acre per day 


pounds BOD per acre foot per day 


gallons per day per square foot 


99 
x 0.023 


pounds BOD per day per 1,000 cubie feet 


Where BOD is intended to be 


marked; i.e. 20-day. 


Increasing populations, together with 
the trend toward metropolitan centers 
and the expansion of complex liquid 
waste-producing industries, have em- 
phasized the necessity of conserving the 
nation’s water resources to supply the 
needs of its population and industries. 
An appraisal by the U. 8S. Publie 
Health Service (1) indicates the urgent 
need for extending the frontiers of 
knowledge to combat the water pollu- 
tion control problem. Of particular 
importance to sanitary engineers is the 
necessity of developing new methods of 
waste treatment and evaluating param- 
eters of loading and criteria of per- 
formance for existing methods. 


Objectives 


Although numerous papers on per- 
formance and theory have appeared in 
the literature, certain phases of biologi- 


F. J. Burgess, C. M. Gilmour, F. Merryfield, 
and J. K. Carswell are, re spective ly, Associate 
Professor of Civil Engineering, Professor of 
Bacteriology, Professor of Sanitary Engineer- 
ing, and Research Assistant, at the Engineer- 
ing Expe riment Station, Oregon State Uni- 
versity, ¢ orvallis, Ore. 


This paper was presented at the 33rd An- 
nual Meeting of the Water Pollution Control 
Federation in Philadelphia, Pa., October 2 6, 


1960. 


reported as other than 5-day it is 


eal filtration still are not fully defined, 
and the validity of theoretical con- 
siderations needs testing. 

Trickling filter research was begun 
in 1957. A long-term goal of the re- 
search program is to obtain a more 
fundamental understanding of physical 
and biological mechanisms of waste 
treatment and the problems related to 
their application. 

The following specific objectives were 
of immediate concern in the trickling 
filter project and are the subject of 
this paper: 


1. To determine operational charac- 
teristics of a deep trickling filter over 
the wide range of loadings reported in 
the literature (2) (3) (4) on the rela- 
tively weak wastes typical of the area 
in order to determine the applicability 
of design standards for this case. 

2. To evaluate the reliability of 
measurement indexes for testing treat- 
ment efficiency and loading, with par- 
ticular emphasis on the relation of wa- 
ter-soluble carbon and BOD. 


Research Facilities 


Test facilities necessary for carrying 
out specifie objectives of this research 
were constructed at the Corvallis (Ore. ) 
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FIGURE 1.—Test filter installation. 


sewage treatment plant (Figure 1) 
They consist of a primary and a seec- 
ondary clarifier designed at an over- 
flow rate of 1,040 gpd/sq ft and a 1.25- 
hr detention time for a flow of 20 gpm. 
Variable flow primary 
units of 


and secondary 
maximum 
capacity each provide for filter dosing 


pumping 30-gpm 
rates from 0 to 300 med/acre and re- 
circulation 10 to 1, 
which are controlled through an auto- 
matic distribution The filter 
unit is + ft in diameter and 20 ft deep, 
with sampling ports at 2-ft intervals. 


values as high as 


S\ stem 


Filter media consist of clean, rounded, 
from 2.5 to 4 in. 
A test of filter media as delivered and 
placed indicated an average length of 
4.9 in.., width of 2.2 
in, and a porosity of the packed bed of 
48 per Filter ventilation by 
natural convection was used and later 


river rock screened 


with an average 


cent. 


proved adequate; gas analysis during 
the testing indicated 


concentrations throughout 


program oxygen 
the filter to 
be near atmospheric. 

Beeause of limited funds and the na- 
ture of the objectives, multiple treat- 
ment surface 


units with known 


areas 
and more closely controlled conditions 


August 1961 
were deferred until a later date, and 
will be included in the next phase of 
the research. 


Analytical Methods 


To determine operational data, sam- 
ples of raw waste, filter influent, and 
effluent from the sampling ports were 
composited for immediate analysis, and 
filter flow 


(Figure 2) 


mean residence time 
determined. Inere- 
ments of change in loading rates ap- 
plied test were small 
and sufficient time was permitted be- 
tween changes for stabilization of the 
filter zooglea before subsequent testing. 

Test included analyses 
for 5- and 20-day BOD, dissolved OXY- 
gen, ammonia, nitrite- and 


and 
were 


between series 


procedures 


nitrate-ni- 
trogen, temperature, and water- 
soluble carbon. Except for the latter, 
methods for analyses are described in 
**Standard Methods’’ (5 
discussed further. 


and are not 


W ate r-NSoluble Carbon T st 


Earlier work (6) indieated a strong 
correlation between water-soluble car- 
bon determined by persulfate oxidation 
and carbonaceous organic material nor- 
mally measured in part by 5-day BOD. 
As reported by Osborn and Werkman 
(7) and later modified by Katz et al. 


(8), persulfate oxidation can be used 


for water-soluble organie compounds. 


Complex carbonaceous fractions such 
as cellulose. ‘ing compounds, long-chain 
fatty acids, and certain proteins are 
largely excluded. The persulfate re- 
action may be carried out in the pres- 
chlorine, 
nitrogen-containing 


ence of mineral chlorides, 
sulfur, and 


pounds that 


com- 


normally interfere with 
other oxidation tests. 

Apparatus for the test consists of 
125-ml 


with a 


either a 50- or Erlenmeyer 
flask fitted well 
large enough to receive a glass vial for 
holding the COs. absorbent. 


class 


center 


A 30-ml sample of waste is pipetted 
into a 125-ml flask and 1.0 ml of 5N 


im 
: 
+ 
¢ 
5 


Vol. 33, No. 8 
HoSOq is added. Addition of acid 
lowers pH to the range of 1 to 2 for 
most wastes and liberates free car- 
bonate or compounds. 
After gently swirling the flask, 2.0 ml 
of 4-per cent AgNQOs is added to pre- 
cipitate free chlorides. Approximately 
1.0 g of potassium persulfate is then 
added and the flask is swirled gently 
to distribute the persulfate. One to 2 
ml of 5N NaOH (COu.-free) are added 
to the center weli vial, allowing ap- 
proximately 14-in. freeboard, and the 
vial is placed in the center well by 
means of a wire hook. A serum eap is 
wetted and tightly fitted at the neck of 
the flask. 
inserting a 20-gage hypodermic needle 
through the rubber serum cap and con- 
necting it to a vacuum source. This 


bicarbonate 


The vessel is evacuated by 


step effects removal of any dissolved 
COs and COs liberated from carbonate 
and bicarbonate compounds by the 
acidification step. 

The flask is then placed in an oven at 
75°C for2hr. After cooling, the serum 
cap is removed and the contents of the 
center well vial are washed into a 150- 
ml Erlenmeyer flask. The volume is 
brought up to 50 ml, after which 5 ml 
of the precipitating mixture are added. 
The precipitating mixture is prepared 
by dissolving 122.2 g of BaCl.-2 H,O 
and 53.0 @ of NH,4Cl in 1 1 of distilled 
water. 
tate then may be caught in a tared 
ultrafine sintered glass filter, dried, 
and weighed. A minimum of three 
blanks should be prepared for each 
test series using carbonate-free dis- 
tilled H.O. Carbon then may be eal- 
culated from the obtained weight of 
BaCOs by the following formula: 


The resulting BaCOs; precipi- 


mg carbon /liter 
(wt BaCO, — blank) 1,000 
(16.432) (sample size ml) 


The described gravimetric procedure 
was used throughout the study. The 
CO. absorbed in the NaOH, however, 
may be determined by direct titration 
through the pH range of 8.34 to 4.6. 


TRICKLING FILTERS 789 


Sensitivity of the test was deter- 
mined by testing known compounds. 
Average departure of carbon recovery 
for such tests was 3.4 per cent and the 
standard deviation was 4.6 per cent, 
indicating good sensitivity (6). 

Relationship of water-soluble carbon 
and BOD is a funetion of waste char- 
Because BOD follows the 
basic ‘‘biological oxidation law’’ de- 
veloped by Phelps (9), it can be de- 
fined for the first-stage reaction by the 
differential form 


acteristics. 


—dL/dT = KL.......(2) 
from which the familiar 
BOD = L(1 — 10-*7*)..... (3) 


evolves, in which LZ is ultimate first- 
stage BOD, T is time in days, and K 
is rate constant. 

Jecause the rate constant A’ will 
vary depending on waste character- 
istics, water-soluble carbon may bear a 
more direct relationship to ultimate 
first-stage BOD than to 5-day BOD. 
The value of L, however, can only be 
measured as a theoretical value, and 
methods for its determination can lead 
If, for ex- 
ample, the carbonaceous material level 
were such that LZ = 100 mg/l, a 5-day 


to significant test errors. 
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FLOW RATE mgd/acre 


FIGURE 2.—Residence time vs. flow rate. 
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BOD value of 80 mg/l might be ob- 
served if A =0.14, and L = 50 mg/I 
might be observed at K 0.06. kor- 
tunately, the range of A-values is gen- 
erally small for a given situation, and 
the water-soluble carbon test may be 
correlated with BOD if it is desired to 
express-values in terms of this uni- 
versally recognized test. Such a cor- 
relation is developed later in this paper. 
Water-soluble carbon is in itself a 
measure of organic material, however, 
and may be expressed on its own merit. 


Filter Characteristics 


Because the degree of oxidation of 
organic material is related to contact 
opportunity between wastewater and 
filter biota, tests of residence time 
within the filter were made by methods 
developed by Sinkoff ef al. (10) by 
using a salt tracer and following con- 
duectance versus modal time of appear- 
ance in the effluent of the 20-ft deep 
filter. Results of this analysis may be 
plotted as a straight line on log-log 
paper, or as an exponential eurve. 
Figure 2 shows the range of values ob- 
served, and may be formulated em- 
pirically as 


(med / acre 


BOD Reduction 


BOD reduction versus filter depth 
and BOD work rates are summarized 
in Table I and are shown in graphical 
form for four typical rates in Figure 
4. The theoretical considerations of 
Velz (11) as expanded by Grantham 
et al. (2) were applied to the filter such 
that fitting of filter data was made by 
the expression 


Lp/L = 10-*2 5) 


where Lp is the remaining BOD frac- 
tion, D is depth, K is the reaction rate 
constant, and L is the removable BOD 
fraction which may be viewed as a 
lower limit of the equation. 

Values of K and ZL for the test filter 
for both BOD extraction and extrac- 
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tion of persulfate oxidized water solu- 
ble carbon are given in Table ITI. 
Values of A so determined are some- 
what smaller than values reported by 
Grantham et al. (2), particularly at 
the higher hydraulic rates. Values of 
L are within the reported range. The 
rate constants A for BOD and water- 
soluble carbon uptake are related. 
Data are too meager, however, to draw 
a definite conclusion. 

Good agreement exists between Velz’s 
(11) equation and observed perform- 
ance in the top 6 to 8 ft of filter at all 
loading rates and throughout the filter 
at rates in excess of 1,200 lb of BOD/ 


BOD Hydraulic | BOD (me/D 
Loading Load | p Temp. 
Ib ‘day med | R/T (°F) 
acre-It) acre) Infl. | Eff. 
| | 
20 43 110 11 
1,280 24 1 | 66 | 128] 22 
2,645 190 I | 68 | 66) 37 
» - | 
SSO 250 OD OO | 


1,000 134 1 | 65 39 | 16 


* Water-soluble carbon. 
t+ In Lp/L = 10-*2, 


FILTER DEPTH- FEET 
FIGURE 3.—5-Day BOD vs. filter depth. 


TABLE II.—-Selected Filter Loading Data 


day/acre-ft. The limiting value of LD, 
however, is reached within the filter 
bed at rates below 1,200 lb BOD/day/ 
acre-ft, and the equation cannot be 
used to predict filter performance at 
all depths. For the case of 24-mgd/ 
acre hydraulic rate and 810 lb BOD/ 
acre-ft/day on a sewage with an initial 
BOD of 128 mg/l, it was observed that 
the rate constant K changed with depth 
and could be approximated by the form 


Kp = D~-5*5/7.0.......(6) 


in which Kp is the rate constant at 
depth D. The resulting expression for 


W-S (mg/l) Kt (mg/1) Limit, Lt (mg/l) 
Infl. Eff. BOD | W-S C* BOD | W-S C* 
0.045 | 0.78 | _ 
0.04 0.82 | - 
35 | 24 | 0.007 0.006 | 0.88 | 0.86 
100 75 | 0.0025 | 0.0027 0.86 0.857 


63 | 38 | 0.004 | 0.005 0.85 0.81 
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the loading rate listed is in which AC is the change in concentra- 
tion of BOD in depth AD at a hydran- 
lic loading rate (med/aere 


Lip/L 10” 


in which Observed rates, given in Table I, 


M 425 /7 ranged from 6.600 to O Ib day acre. 

Actual extraction obtained in any in- 

BOD Work Rates crement of depth may be computed as 

Rate of BOD extraction at various Work W by 

ful criterion to judge 

filter performance with depth. The 

work rate, Wp, in terms of pounds of 

BOD extracted per acre-foot per day at 

depths D to (D+ AD) may be com- 
puted by 


depths is a use 


> WerdD.......(10) 


Values determined for various load- 


ing combinations are expressed graphi- 


Wr = (AC/AD) (med /acre) (8.33 ( cally in Figure 4 in terms of percent- 


100 


R= RECIRCULATION FLOW 
|= INFLUENT FLOW 


% OF TOTAL 


< 
oO 


% OF TOTAL 
oO 


% OF TOTAL 


20 
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FIGURE 4.—Percentage of total BOD removal per increment of filter depth. 
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FIGURE 5.—Reaction rate constant, K, vs. filter depth. 


age of total work on removal of car- mgd/aere curves yields the data shown 
bonaceous material as measured by in Table III. 


)-day BOD. Work rates for removal It becomes apparent, therefore, that 
of materials not measured by 5-day the criterion of 5-day BOD reduction 
BOD are as yet undetermined. alone does not give a truly accurate 

picture. Further study in this  bio- 
Change in Treatability chemical area is needed. 


As oxidation of organie material 
proceeds through the filter depth, the 
more readily available substrates are 


Comparison with NRC Design 
Formula 


first removed, followed by material Numerous methods are in common 
more difficult to oxidize. A-values usage for the design of trickling filters 
in the monomolecular reaction as ex- (11) (12) (13) (14) (15). These vary 
pressed by Equation 2 are indicative from theoretical formulations delineat- 
of treatability in terms of BOD and ing the fundamental laws and _ for- 
were determined with filter depth. 
Figure 5 shows four such determina- TABLE III.—Performance at Two Flow Rates 
tions. 

Interpretation of true filter efficiency 
in light of this information presents 


Removal (°%) 


| 
| 
} 


F Flow Rate | | 
some provoking thoughts. A eompari- (mad acre) | 5-day 
son of percentage removal of theoreti- BoD,L | BOP | Carbon 
eal first-stage BOD ZL to the removal - 34 309.4 
of 5-day BOD and water-soluble car- 117 6 31.8 2 


bon for the cases of the 59- and 117- 
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FIGURE 6.—Observed efficiency compared to efficiency computed by NRC formula. 


mulas resulting from curve-fitting these methods, the National Research 
methods applied to observational data, Council formulation (15) has been a 
to application factors (4) of organic useful and popular tool. 

and hydraulic loading rates. Amone A comparison between observed ef- 
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FIGURE 7.—Percentage of nitrification per filter pass vs. filter depth. 
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TABLE IV.—Nitrification Data* 
Loading Rate | | ' | 
| AL nitis Over-a 
Curve | R/I Depth, | Nitrif. 
Lb BOD /day a | ‘ mg/1) (%) 
mgd, acre acre-ft) | | | 
l 117 975 5.1 0 0.0014 0.73 7.5 31.0 
2 157 1,435 1.6 0 0.003 | O86 rp 25.5 
3 13 1,000 1 0.0019 0.87 10.1 20 
t 24 S10 l 1.5 0.0145 | 0.95 9.3 19 
5 24 900 0 | 3.0 0.0148 0.97 12.2 ig 
6 190 2,645 1 - | 9.08 None 


Np 
* Based on = 


ficiencies and efficiencies computed by 
the National Research Council formula 
applied to the filter is shown in Fig- 
ure 6. Although fair agreement exists 
at conventional rates involving medium 
strength sewages, an appreciable error 
is introduced in those cases where the 
hydraulic rate is quite high and the 
sewage applied relatively weak. 
This may be interpreted in light of 


Velz’s (11) work as the ease of the 
BOD approaching the limit of the re- 
movable fraction. Inadequate contact 
opportunity and scouring of filter zo- 
oglea are possible contributing factors 
to the low efficiencies at high hydraulic 
rates, although recent work of Ingram 
(3) indicates higher hydraulic rates 
can be employed successfully under 
controlled conditions. 
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FIGURE 8.—Relationship between 5-day BOD and water-soluble carbon. 
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FIGURE 9.—Relationship between 20-day BOD and water-soluble carbon. 


Nitrification Observations 


Nitrification of applied wastes has 
been used as a 
the degree of waste stabilization (7 
Therefore, determination of the nitri- 
fication ability of the filter was done as 


eriterion for judging 


an aid to gaining an understanding of 
depth relationships. 

Figure 7 relates per cent nitrification 
per filter pass to filter depth where per 
cent the 
nitrate-nitrogen plus 75 per cent of the 
nitrite-nitrogen at any level divided by 
the nitrogen that level. 
Equating the ability of 
the filter to filter depth was done by the 
relationship 


nitrification is calculated as 


recovered at 


nitrification 


11) 


after Grantham et al. (2 
the oxidizable nitrogen remaining at 
depth D, N is total oxidizable nitro- 
gen and defines the equation limit, KX, 
is reaction 
depth. 
Table IV gives data on values of K,, 


where Np is 


rate constant, and a is lag 


limit NV, and total 


lected test series. 


nitrification for se- 


Persulfate Oxidizable Carbon as an 
Index of Treatment and Loading 


The desirability of being able to de- 


termine loading and treatment 
3 to 4 hr rather than to 
BOD, 
water- 
soluble carbon as determined by the 


rates 
efficiencies in 
wait for the conventional 5-day 
motivated an investigation of 
persulfate oxidation test as an index of 
treatment. Inasmuch as sanitary eng'- 
neers and their pollution control stand- 
ards are oriented strongly toward BOD, 
a relationship was sought between the 
two methods, both as a quantitative 
measure of organic material and as a 
measure of treatment efficiency. 
Figure 8 shows the correlation of 5- 
day, 20°C, BOD to water-soluble car- 
bon values as determined by persulfate 
oxidation in the 140 


mg/l BOD, and gives 90-per cent con- 


range of O to 


fidence limits. Using a method of least 


squares, a relationship may be written 


3 
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that 


5-Day BOD = 0.835 
(mg/l water-soluble carbon) —2. . (12) 


The factor of 2 is a bias observed in 
favor of carbon, and its significance is 
not yet determined. The regression 
coefficient of 0.835 is based on data 
presented. 

The exact interdependence of the 
BOD reaction constant AK of earbona- 
eceous BOD as measured by first-stage 
ultimate L and sewage characteristics 
to the water-soluble carbon-BOD rela- 
tionship are not fully understood and 
are the subjects of continued research. 
The correlation coefficient of r = 0.946 
and the low standard error of 7.25 
mg/l, however, indicate that a satisfae- 
tory calibration may be made by in- 
vestigators wishing to use this method. 
At this state of knowledge, calibration 
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curves should be developed by each in- 
vestigator on the sewage types en- 
countered. 


Long-Term, 20-Day BOD and 
Water-Soluble Carbon 


Jecause the 20-day BOD measures 
oxidation requirements of materials 
other than carbon, it is evident that 
much variance will be encountered in 
correlating 20-day BOD to water-solu- 
ble carbon. Figure 9 illustrates such 
data and its 90-per cent confidence 
limits as determined through a fitting 
of data by a method of least squares. 
Although the correlation coefficient of 
r = 0.89 and the standard error of 26 
mg/l are not large in view of the nor- 
mal variance of 20-day BOD, the data 
are heavily biased in favor of 20-day 
BOD, and need further study. 
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FIGURE 10.—Removal of water-soluble carbon vs. removal of BOD by filter. 
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Removal Efficiencies by Water- 
Soluble Carbon and BOD 


Because it may be desirable to pre- 
dict 5-day BOD removal efficiencies by 
the water-soluble carbon test, a correla- 
tion of 
(Figure 10 


a least squares method yields 


these parameters Was made 


A regression analysis by 
1.28X — 2.7 13) 
where Y is per cent removal based on 
removal 


5-day BOD, X is per 
based on water-soluble carbon, and 2.7 


cent 


is a biasing factor. 

The correlation coefficient of r= 
0.905 and the BOD 
efficiency prediction of 5.8 per cent in- 
dicate a correlation within usable lim- 


standard error of 


its for the range of data tested. 


Conclusions 


1. Water-soluble carbon as measured 
by the persulfate oxidation test is a 
vood measure of organic pollution in 
water and may be correlated to the 5 
day BOD. The 


total relationship, however, 


exact nature of the 
Is not com- 
pletely understood and merits investi- 
gation. 

2. Information 
BOD reduction and nitrification within 
the experimental filter 
Velz’s basic law 1] 
Grantham et al. (2). Values of the re- 
action rate constant A in the expres- 


gathered on 5-day 
substantiates 
as expanded by 


sion 
Lp/L KD (5) 


high 
and hydraulic loading rates involving 
weak sewage. 

3. High hydraulic and organic load 
ings with the 


are relatively lower at organic 


weak sewages examined 
vielded results far lower than results 
predicted by theoretical formulas 

4. Oxidation rates with filter depth 
indicate that test 
structed with controlled media size and 
environment need not exceed 8 to 10 ft. 


facilities to be econ- 
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Annual School for Waterworks, Wastewater, and Industrial 
Wastes Personnel, Virginia Polytechnic Institute, Blacksburg, 
Va. Prof. W. A. Parsons, Sanitary Engineering, Holden Hall, 
VPI, Blacksburg. 

American Chemical Society, 140th National Meeting, Chicago, 
ill. American Chemical Society, 1155 16th St., N.W., Wash- 
ington 6, D. C. 

Instrument Society of America, Memorial Sports Arena, Los 
Angeles, Calif. 

Basic Radiological Health, Division of Radiological Health, 
Public Health Service, Las Vegas, Nev. Course repeated Oct. 
9-20 at Robert A. Taft Center; and Oct. 23-Nov. 3 at the 
Radiological Health Laboratory, Rockville, Md. Chief, Train- 
ine Program, Robert A. Taft Sanitary Engineering Center, 
4676 Columbia Parkway, Cincinnati, 26, Ohio, or to a PHS 
Regional Office Director. 

American Institute of Chemical Engineers, 45th Annual Meet- 
ing, Lake Plaeid Club, Lake Placid, N. Y. 

International Congress on Control of Water Pollution, Swiss 
Industries Fair, Basel, Switzerland. Dr. E. M. Bammatter, 
PRO AQUA Ltd., 61 Clarastrasse, Basel, Switzerland. 
National Conference on Standards, American Standards 
Assn., Rice Hotel, Houston, Tex. 

American Society of Civil Engineers, Annual Convention, 
Hotel Statler, New York. W. W. Wisely, ASCE, 33 West 
39th St., New York 18. 

National Safety Council Annual Meeting, Chicago, Ill. Na- 
tional Safety Council, 425 North Michigan Ave., Chicago 11, 
Il. 

Plankton Identification and Control, Robert A. Taft Sanitary 
Engineering Center (see listing for Basie Radiological 
Health). 

Second Effluent and Water Treatment Exhibit and Conven- 
tion, Seymour Hall, London, England. Thunderbird Enter- 
prises Ltd., 140 Cromwell Rd., London 8.W. 7. 
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SLUDGE SYSTEMS 


QUANTITATIVE AND QUALITATIVE 
SHOCK LOADING OF ACTIVATED 


Although the term ‘‘shock load”’ 
aptly applies to any biological treat- 


ment system, it is generally considered 


that the activated sludge process 1s 
particularly susceptible to such phe- 
nomena and many of the problems en- 
countered when using this process are 
loosely attributed to shock loadings of 
one sort or another. 

In general, any rapidly occurring or 
immediate change in the chemical or 
physical environment might be clas- 
sified as a system shock, because it may 
seriously affect the established meta- 
bolie patterns in the aerator. In ad- 
dition, such a change may affect the 
flocculating and settling characteristies 
of the system. Such a broad definition 
of a shock load leaves room for inelu- 
sion of many phenomena which could 
possibly have an adverse effect on the 
process ; however, essentially three ma- 
jor types may be specifically defined, as 
follows: 


1. The Quantitative Shock Load. 
The most generally envisioned concept 
of a shock load is a rapid increase in 
BOD loading, that is to say an inflow 
of a high concentration of substrate to 
which the sludge is acclimated or to 
which it needs no acclimation; hence, 
the most likely response is a rapid 
sludge production. With a concomitant 
increase in an available source of nitro- 
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gen, it would be expected that an in- 
crease in sludge production would cor- 
respond to an increase in cell replica- 
tion. This type of shock loading has 
been cited as a likely cause of sludge 
bulking by Kraus (1 It would ap- 
pear to involve simply a decrease in 
dilution ratio. Lackey and Wattie 
(2) studied the effect of a rapid in- 
crease in carbohydrate concentration 
and found that sludge bulking could be 
thus induced. Ingols and Heukelekian 
4) (4) made similar studies and eon- 
cluded that bulking due to a rapid in- 
crease in BOD, as carbohydrate, results 
only if the oxygen supply is depleted. 
Bulking was attributed to an inereased 
growth of Sphaerotilus. 

In their studies of shock-induced 
bulking, Heukelekian and Weisberg 
(5) found a correlation between bound 
water and poor settling characteristics 
of the sludge but concluded that bound 
water alone could not account for the 
increased volume of sludge. Sphaero- 
tilus bulking was found only when high 
sugar concentrations were used and 
Was not accompanied by an increase in 
bound water. They speculated that the 
change in bound water accompanying 
sludge bulking may be due to an in- 
crease in polysaccharide material. 

Much of the work pertaining to 
shock loading has involved studying the 
causes Of bulking. Plant efficiency is a 
measure of both metabolically removed 
or converted BOD and physical separa- 
tion of the converted organies. How- 
ever, the reduction in settling or floe- 
culating characteristics of aerator 
mixed liquor does not necessarily indi- 
cate a reduction in the biochemical ef- 
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ficiency of the sludge. Conversely, if 
an activated sludge received a shock 
load without affecting settling charae- 
teristics, this would not indicate that 
the system had successfully responded 
unless it was accompanied by an 
equally successful biochemical re- 
sponse; that is, maintenance of a high 
removal of soluble or colloidal BOD. 
This latter aspect has not received a 
great deal of attention in the research 
field. With the increased use of dis- 
persed growth systems, where applica- 
ble, and the future possibility of cen- 
trifugation, it would appear that the 
purely metabolic effects of shock load- 
ing warrant closer scrutiny and indi- 
vidual attention. 

Concerning the quantitative shock 
load, it need not necessarily imply an 
increase in readily usable BOD, be- 
cause a rapid decrease in the organic 
concentration may also cause opera- 
tional problems. Unless recognized in 
the early stages, an appreciable amount 
of sludge may be diluted out of the 
system. This type of shock loading 
could be termed a ‘‘hydraulie shock.”’ 
However, it is aptly included in the 
category of the quantitative change in 
the concentration of the carbon souree, 
even though it has a different effect on 
plant operation. The chief distinguish- 
ing characteristic of the quantitative 
shock load is that the change involves 
concentration, not necessarily the chem- 
ical nature of the waste, or a change in 
structure for which no acclimation pe- 
riod is needed. The shock organic is 
readily and immediately metabolized 
in essentially the same way as the nor- 
mal loading. 

2. The Toric Shock Load. The toxie 
shock involves an influx of organies or 
inorganie elements, radicals or e¢om- 
pounds which wholly or partially in- 
hibit or damage the existing metabolic 
pathways or disrupt the established 
physiological condition of the microbial 
population. Rapid changes in pH of 
the waste are also considered to be in 
this class of shock loading although 


they are more easily controlled and of 
less significance than those caused by 
salts of heavy metals such as copper, 
zine, chromium, or nickel, or the cyan- 
ide compounds, 

Much work has been undertaken to 
determine allowable tolerances of toxic 
components for biological treatment 
processes. In addition, some normally 
toxic wastes have been shown to be 
treatable biologically. However, the 
fact that these wastes may be treatable 
does not preclude the fact that they 
are toxic when received as shock loads. 
Their treatability depends on a_ pro- 
longed acclimation period, much in ex- 
cess of the plant flow-through time. 

For the types of waste stream changes 
discussed thus far, the prime charac- 
teristic is an abrupt shock and fairly 
rapid response which may lead to a 
malfunctioning system or to cessation 
or curtailment of metabolic activity. 
Presently, the quantitative shock and 
the toxic shock load are considered to 
be the primary representatives of the 
shock load phenomena. There is, how- 
ever, another major type of waste 
stream change which may be classed as 
a shock load. 

3. The Qualitative Shock Load. It 
has been considered that, in deciding 
on the advisability of treating a waste 
biologically and determining design 
criteria for such treatment, the attain- 
ment and propagation of an acclimated 
sludge is of great importance. In all 
cases design parameters are obtained 
on ‘‘representative’’ samples of waste 
using thoroughly acclimated sludge. 
However, waste streams are not, in gen- 
eral, constant in the chemical structure 
of the organics they contain. This is 
the situation for many industrial waste 
streams and would appear particularly 
pertinent where joint treatment is prac- 
ticed. A change in the chemical strue- 
ture of the substrate may constitute a 
serious type of system shock. This is 
herein termed a qualitative shock load 
to distinguish it from the other types 
previously mentioned. It implies 
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the structural 


carbon 


that 
the 
portion thereof, 
from that 
mally acclimated. 
the total organic 


indeed may remain the same as before 


merely 
tion of 
stantial 


source, Or a 
has changed 
to which the sludge is nor 
It does not concern 


concentration, which 


the shock, nor does it imply that the 
change is toxic. Only the structure of 
the organic substrate molecule changes, 
example, predominantly 


carbohydrate Waste to a proteinaceous 


Irom a 


for 
or a fatty waste, from simple sugars to 
polymers, from sucrose to lactose. It 
is this type of shock load which forms 
the major portion of the study herein 
reported. As in the case of any other 
type of shock loading, ‘‘suceessful’’ re- 
sponse must be initiated and completed 
during the time of contact of substrate 
and biological solids (the detention time 
in the aerator A suecessful response 


is dependent on the time of acclimation 


required to metabolize the waste and 
on the intrinsic rate at which the ae 
climated sludge can remove the new 


substrate. There fore, from a biochemi- 


cal standpoint, it might be expected 
that the activated sludge process would 
be better able to cope with the qualita- 
tive shock load than the trickling filter, 
as in general a longer sludge-waste con- 
tact time is available. 

There 


which a heterogeneous population may 


are three possible means by 


successfully respond to an environmen- 
tal change involving a change in strue 


ture of the carbon source, as follows: 
(a) Selection, or a shift in pre 
dominance. 
(b) A shift to 


pathways. 


alternate metabolie 


c) Induetion of the necessary en- 
zyme(s) needed to fit the new ¢com- 
pound into an established metabolic 


pathway. 


In a heterogeneous population such as 
an activated sludge, it is quite unlikely 
that three 
types of would 
Rather, the total response 


any one of the proposed 


response 


oceur alone, 


of the popu- 
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lation would be the resultant of the 


effects of the three types of response 
and 


occurring simultaneously 


what interdependently. 


some- 
Both changes 
in predominance and shifts to alternate 
metabolic pathways may be dependent 
on the ability to synthesize inducible 
enzymes, although either response may 
also occur independently of enzyme in- 
duction under the proper cireum- 
stances. 

All of these effects may be exerted 
in varying degrees, depending on the 
proportion of the 
the 
gested, and on what proportion of the 
population may be totally inert to the 
new substrate. However, it is the total 
effect of the r sponse of the heterogene- 


population which 


responds in various ways sug- 


ous population which is most immedi- 
The 


these effects may be 


ately important. evaluation of 


based on a com- 
parison with the response of the sludge 
to a substrate to which it is thoroughly 
acclimated 


Methods and Techniques 


It was believed that the two measur- 
able parameters of primary sanitary 
time 
required for response and the parti- 


engineering significance (that is, 
tion between respiration and synthesis 

and in addition gross biochemical anal- 
yses of the sludge could be advantage- 
the effect of 
Carbohydrates were 


ously used to evaluate 


shock loads. 
chosen as the ¢lass of compounds to be 
studied, inasmuch as they are a major 
component of and 


many important industrial wastes; also 


municipal wastes 
there is available a great deal of bio- 
chemical information on carbohydrate 
metabolism. In addition, carbohy- 
drates offer a wide variety of strue- 
turally different compounds from which 
to choose experimental substrates. 

A continuous-flow activated sludge 
system was developed and maintained 
using a waste of 


standard constant 


composition (6 This sludge was sub- 
jected to loads 


changes in the chemical nature of the 


shock 


qualitative 


| 
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substrate) and its biochemical response 
analyzed and compared to the normal 
response; that is, to a quantitative 
shock load consisting of the substrate 
to which it was acclimated. Sludge 
harvested from the unit was washed 
and suspended in phosphate buffer im- 
mediately before any shock load study. 
The chemical composition of the stand- 
ard waste for the continuous unit is 
viven in Table I. 

After three washings and suspension 
in buffer salts, portions of the sludge 
were contacted with new substrate in 
replicate Warburg flasks. The War- 
burg protocol for these batch studies is 
given in Table II. 


TABLE I.—-Chemical Composition of 
Standard Waste 


Constituent Cone, 

(mg/l) 

Glucose 1,000 
NH,Cl 300 
MgSO, -7H.O 250 
FeSO,-7H.O 10 
MnS0O,-H.O 10 
CaCl,-2H.O 10 
Trace elements (tap water) 100 
1 M phosphate buffer, pH 7.0 10 


At various times flasks were removed 
from the apparatus and the following 
analyses were performed : 


1. Biological solids, measured by the 
membrane filter technique (7). 

2. Protein content of the sludge, 
measured by the biuret test (8). 

3. Carbohydrate content of the 
sludge, measured by the anthrone test 
(9), 

4. Substrate utilization, measured on 
the membrane filtrate by COD and 
BOD removal. 


Oxygen uptake was manometrically 
measured throughout each 36-hr batch 
study. The reproducibility of oxygen 
uptake in replicate flasks served as a 
partial check on the experimental tech- 
nique. For all substrates, both respir- 
ing and growth systems were examined, 
A sludge blank or endogenous flask was 
also included, as was a glucose flask. 
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TABLE II.— Warburg Protocol 


Conc Vol. 
Constituent ot 1) (ml/ flask) 
Carbon source (glucose) 2,000 | 10 
Buffer salts solution: | 
MgS0O,-7H,O 100 
FeSO4-7H2O 8 | 
CaCle-2H»O0 
Mn8S0,-H,O 8 
1 M phosphate buffer, 15 
ph 7.0 120* 
Champaign-Urbana 
tap 80* 
Distilled HyO To 1 liter 
1,250 5 
Washed sludge suspended in Deter. for | 
buffer salts each exper, 10 
| 
Tot. vol, reaction mixture - | 40 
* ml /1. 


These served as a check on the con- 
staney of the sludge harvested from the 
continuous-flow unit. The experimen- 
tal techniques were checked by making 
a materials balance on the basis of 
substrate remaining and that which 
could be accounted for by oxidation 
and sludge production. The justifica- 
tion for this type of balance has been 
previously discussed (10). 


Results 
Substrate Selection 


In the first set of experiments, 
washed glucose sludge was contacted 
with various carbohydrates. Based on 
observed oxygen uptake, compounds 
were selected for further study. In 
Table III, observed COD values for 
500-mg/l concentrations of each sub- 


TABLE III.—Chemical Oxygen Demand of 
Various Substrates Tested for Study 


| COD 
| | 
Compound Classification | 

| | Ybserved Theor. 
Glucose Aldohexose 538 101 
Mannose | Aldohexose 518 v7 
Galactose | Aldohexose 510 96 
Fructose Ketohexose 530 ay 
Sorbitol Sugar alcohol 563 98 
Ribose Aldopentose | 425 79 
Xylose Aldopentose 522 } 98 
Lactose | Disaecharide 570 101 
Maltose | Disaccharide 520 | 98 
Melibiose | Disaccharide 510 91 
Sucrose | Disaccharide 550 98 
Raffinose | Trisaccharide 188 510 96 
Starch Polysaccharide 513 562 91 
Glycogen Polysaccharide 529 562 | 4 
Dextrin Polysaccharide 118 562 74 
Hemicellulose | Polysaccharide 532 562 95 
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FIGURE 
charides by glucose-acclimated sludge un- 
der growth conditions. 


1.—Metabolism of monosac- 


together with 


where it 


strate tested civen, 
theoretical 


sible to calculate them. 


are 


values Was pos- 
For substrates 
where the polymerized constituent was 
but the 


Was 


molecular 
COD’s 
the 
Hemicel- 


pentose 


known absolute 
weight 


were 


not, theoretical 


approximated by treating 
compound as a disaccharide. 
lulose was calculated as a 
polymer. 

Figures 1, 2, 3, and 4 show the re- 
sponse of the glucose-acclimated sludge 


to various compounds. All 


systems 
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FIGURE 2.—Metabolism of tri- and di- 
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under growth conditions. 
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were run under growth conditions. 


Oxygen uptake on glucose is shown in 
each case for comparison. 

It is that mannose, 
fructose, the parent 
glucose, were used with equal facility. 


seen gralactose, 


and substrate, 
The same may be said of sucrose and 
maltose. Of the monosaccharides, the 


pentose ribose showed a pronounced 


lag. A lag period was also evidenced 
for the disaccharides laetose, and meli- 
biose, and the polysaccharides glycogen, 


dextrin, and starch. From these curves 
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FIGURE 3.—Metabolism of polysac- 
charides by glucose-acclimated sludge un- 
der growth conditions. 


that the time re- 


quired for a successful response and 


be discerned 


it may 


the rate at which substrate is removed 
after initiation of response is primarily 
dependent on the structure of the com- 
pound, not on its length or complexity. 
slight 


a pronounced change in response. 


structural change can cause 
The observed lag period provided a 
basis for compound selection for more 


detailed None 


of the compounds shown ean be classed 


shock loading studies. 
as commonly recognized metabolie in- 
termediates. On the the 
compounds were chosen because they 


contrary, 


require certain biochemical reactions in 
order to bring them into various meta- 


bolic pathways. The acelimation im- 
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plied here should not be confused with 
the principle of simultaneous adapta- 
tion sometimes employed to study meta- 
bolic pathways. Data for three of the 
compounds—lactose, starch, and ribose 

studied for biochemical changes in 
the system under qualitative shock load 
studies are presented. For compara- 
tive purposes, system response to a 
shock load consisting of glucose is also 
presented. 


Response of Acclimated Sludge to 
Quantitative Shock Load 


In studying the response of the 
sludge to a carbohydrate to which it 
was not acclimated, it was desirable to 
compare such a response to phenomena 
prevailing under conditions of a quan- 
titative shock load. Im the course of 
this phase of the work, various facets of 
biochemical behavior under respiring 
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FIGURE 4.—Metabolism of xylose and 
starch by glucose-acclimated sludge under 
growth conditions. 


and growth conditions were studied 
(10). From the standpoint of compari- 
son with the results to follow, review of 
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FIGURE 5.—Changes in system parameters during metabolism of glucose by glucose- 
acclimated sludge under (a) growth conditions and (b) respiring condition. 


HOURS 


| 
} 
| 
4 STARCH 
/ 
| 
ENDOGENOUS 
* 
‘ 
800 
SOLIOS 
| 4 
| 600 
| | ( a ) | : 
| 
| 
E fa} | PROTEIN | 
coo 800 o 800 coo Te 
10 30 10 20 30 
— 
~ 
= 


JOURNAL WPCF 


T 


Accum uptake 


uptake rate 


RESPIRATION | | 


10 


ACCUMULATED OXYGEN UPTAKE, mg/! 
OXYGEN UPTAKE RATE, 


ENDOGENOUS 
20 30 
HOURS 
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differences in 
deficient 
and ni- 


some of the major SYS- 


tem behavior for nitrogen 


systems (respiring conditions 


trogen-substrate balanced systems 


(growth conditions is. desirable. 
Changes in biochemical 
during 


climated sludge 


parameters 
metabolism of glucose by ae- 
under both growth and 
respiring conditions are shown in Fig- 
which that 
the presence of an extracellular source 


shows regardless ot 


ure 9, 


of nitrogen, the immediate response to 


a quantitative shock load is a rapid in- 


crease in sludge mass. In the respiring 
system, solids production nearly equals 
that in the The in- 


creased solids are largely accounted for 


growth system 
by protein synthesis in the growth sys 
carbohydrate synthesis in 
That. is, 


shock loaded 


tem and by 
the nitrogen-starved system 


in the 


nitrogen-deficient 


system, carbohydrates are stored and 
subsequently oxidized 
It is readily seen from Figure 5 that 


whether or not 


a sufficient supply of 
nitrogen accompanies it, a quantitative 
load has little effect 
on substrate ieney of the 


immediate 
effic 
measured by the 
rameters of BOD and COD 


this should not imply that the system 


shock 
removal 
sludge as usual pa- 


However, 


would continue to behave in this fashion 
if this condition of loading prevailed 
for any length of time because, 


as seen 


August 1961 


from the results of changes in biochem- 
ical parameters, the nature of the syn- 
the 
nitrogen content of the incoming waste. 
that the relation- 
ship between the amount of substrate 
channeled 


thesis is changed depending on 


It was also found 
into sludge synthesis and 
substrate oxidized is not constant, but 
shifts at a decelerating rate from syn- 
thesis to respiration. This was found 
to be true in either the presence or the 
nitrogen 


absence of an extracellular 


source. This finding is more fully dis- 


cussed elsewhere 10 
Re sponse of Unacclimated Sludge to 
Qualitative Shock Load 


The 


patterns under quantitative shock load 


establishment of the metabolic 


conditions served as a standard for 
comparison with systems studied under 
conditions of qualitative shock loading. 
All substrates selected exhibited a lag 
in oxygen uptake, indicating a decrease 
in plant efficiency. 

Lactose.—The 


particularly interesting because it con- 


disaccharide lactose is 


sists of a molecule of the standard 


substrate glucose in 8 1-4 linkage with 


a molecule of galactose, another aldo- 
hexose in which the configuration about 
that of 


Krom the substrate selection studies it 


carbon-4 differs from elucose. 
was shown that galactose was oxidized 
almost as readily as Was glucose ; how- 
ever, when the molecules are joined, a 
definite acclimation period is required 
before the 1 attacked. 
The enzyme required, 8-galactosidase, 
by the 


linkage can be 


is induced presence of lactose 
and by other compounds, some of which 
are substrates for the enzyme and some 
of which are not. 

Oxygen uptake under both respiring 
and growth conditions is shown in Fig- 
ure 6. It is readily seen that a suecess- 
ful response required the presence of 
an extracellular source of nitrogen. It 
is interesting to note the extended lag 
time in the light of present-day aera 
Changes in 


tion periods. system pa- 


rameters are shown in Figure 7. Com 
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during metabolism of lactose by glucose- 


acclimated sludge under (a) growth conditions and (b) respiring conditions. 


parison of these results with those ob- 
tained for glucose, to which the eells 
were acclimated, shows that under 
growth conditions comparable substrate 


removal required approximately 20 hr 
for lactose and 3 hr for glucose. Under 
conditions of nitrogen deficieney, sub- 
strate removal did not approach that 


TABLE IV.—Materials Balance for Metabolism of Lactose by Glucose-Acclimated Sludge 


COD (mel 


Meas. 


Solids (mg 1) 


Accum 
Oxygen 
Uptake Respired 


(mg 1) 


Recovery 
) 
Accum : 


(mg 1) 
Increase 


(a) GROWTH SyYsTEM 


0 580 

1.0 540 10 
12.0 16 Sd 
17.0 156 124 
36.0 396 IS4 


* 


Substrate = oxygen consumption multiplied by 342/384. 
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| Of) | “s 
| HOURS 
i 
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| 
| 
+ lime 
0 580 220 
3.0 575 5 225 5 6 5 
6.0 555 25 22 235 15 15 13 127 
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FIGURE 8.—Oxygen utilization during 
metabolism of ribose by glucose-acclimated 
sludge. 


for the glucose In the lactose 
growth system the point of complete 


system. 


substrate removal corresponds to maxi- 
mum solids production, as in the glu- 
Cellular 

largely dependent on a 
synthesis ; 
could take place in both the growth 
and the nitrogen-deficient systems. In 


cose system. respiration is 
concomitant 
synthesis 


with elucose a 


the lactose system this could only take 
place in the 
metabolism of 


growth because 


the substrate 


depended 


on the synthesis of an enzyme (or en- 
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zymes) consisting of protein and there- 
fore requiring nitrogen or a source of 
amino acids. If an amino acid pool 
cells it apparently 
lacked sufficient quantities of all those 
needed 
The material balance 
given in Table IV. 
Ribose. utilization 


bose is shown in Kicure &. 


existed in these 


for #-galactosidase synthesis. 
for lactose is 
for ri- 
The mono- 


Oxygen 


saccharide ribose is a 5-earbon aldose: 
it is interesting to note that the loss of 
one carbon from the olucose molecule 
radically changes the response pattern. 
via the 
hexose monophosphate pathway after 


Ribose can be metabolized 
phosphorylation by the enzyme ribo- 
kinase, which may have been the key 
the ex- 
Like 
not 


enzyme synthesized during 
lae- 


have 


tended acclimation period. 
would 
normal aeration 
would have oe- 
The growth and 
respiring systems showed a_ parallel 
utilization up to 20 hr, at 
which point oxygen uptake in the sys- 
tem 


tose, this compound 
been removed in a 
period. Acelimation 


eurred in the stream. 
oxygen 


containing nitrogen rapidly in- 
From Figure 9 it 
is again apparent that an inerease in 


and 


creased (Figure 8 


solids substrate removal is ae- 
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FIGURE 9.—Changes in system parameters during metabolism of ribose by glucose- 
acclimated sludge under (a) growth conditions and (b) respiring conditions. 
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TABLE V.—Materials Balance for Metabolism of Ribose by Glucose-Acclimated Sludge 


COD (mg/l) Solids (mg/l) 

T Accum. Substrate* 

rime Oxygen aati Recovery 

hr) Accum. Cale. as Accum, | Uptake re 1) >) 

Meas Decrease | Substr.* Meas. Increase | (ma/l) } 
(a) GrRowTH System 

0 123 320 — — _ ~ 

2.5 410 le 12 $10 —10 10 9 
10.0 378 45 42 325 5 43 40 107 
14.0 338 85 | 80 | 340 20 61 57 96 
18.0 295 128 | 1200 | 365 15 84 79 103 
22.0 255 168 | 158 | 405 85 115 108 122 
27.0 130 293 275 | 4655 135 169 158 106 
31.0 82 341 320 460 140 210 197 105 
36.0 77 346 324 445 | 125 232 218 106 

(b) ResprraTion 
| 

0 423 | 320 | - — - - 

3.0 387 36 34 | 315 -§ 12 11 ~ 
15.0 | 328 95 89 350 30 67 63 104 
27.5 186 237 | 222 | 440 120 138 130 112 
36.0 52 371 | 348 460 140 191 179 92 


* Substrate = oxygen consumption multiplied by 150/160. 


companied by an increase in protein in 
the growth system and an increase in 
carbohydrate in the nitrogen-deficient 
system. In any case, a synthesis is re- 
quired for an increasing rate of sub- 
strate removal. In the respiring sys- 
tem it is evident that some acclimation 
did oceur, as evidenced by the solids 
increase, the increasing rate of sub- 
strate removal, and the increase in 
carbohydrate content after the appar- 
ent acclimation. Because in the nitro- 
ven-deficient system the protein content 
of the sludge did not increase, it seems 
possible that the requisite enzymes for 
ribose metabolism were constitutively 
present in some segments of the bac- 
terial population. Alternatively, pool 
amino acids may have been utilized or 
cells totally inert to ribose could have 
lysed, providing a source of nitrogen 
for enzyme synthesis. Resolution of 
the various possible mechanisms ean 
only be accomplished by working with 
pure-culture systems and possibly only 
at the subcellular level. The need for 
delineating fundamental mechanism 


may justify such research in the sani- 
tary engineering field. Substrate re- 
covery for ribose is given in Table V. 
Starch—Oxygen utilization when 
the system was shock loaded with the 
polysaccharide starch is shown in Fig- 
ure 10. The sludge used for the starch 
experiment was taken early during a 
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FIGURE 10.—Oxygen utilization during 
metabolism of starch by glucose-acclimated 
sludge. 
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CARBOHYORATE 


a 


FIGURE 11.—Changes in system parameters during metabolism of starch by glucose- 
acclimated sludge under (a) growth conditions and (b) respiring conditions. 


period of solids buildup in the modified 
chemostat following a shutdown period 
for cleaning. The system had not yet 
attained the constant growth rate and 
aeration solids content for which it was 
this 


consisted of 


designed The sludge used for 
experiment, 
slightly vounger ¢ 


for 


therefore, 
those used 

An 
climation period was required, but was 
appreciably that needed for 


Svstem response 


lls than 


others herein reported. 


than 


less 


lactose ribos¢ 


under growth and respiring conditions 
is shown in Figure 11 
Under growth conditions the param- 


eter curves for starch are in essence 


attenuated replicates of the glucose re- 


sponse. The time required for a sue- 


cessful response as measured by sub- 
strate removal is approximately double 
that The 


the curves is much 


olucose. attenuation of 


for 
more pronouneed 
under respiring conditions. This should 
be expected, because the results previ 
that the 
rapidity of acclimation depends on the 


synthesis of protein 


ously shown have established 


The starch molecule consists of elu 


that is, a 
the 
used was completely soluble at the 500- 
The 
only enzyme required is one to break 
the a 1-4 linkage. 

There 


enzymes 


linkage 


polymer) ; 


cose joined in a ] 


straight chain starch 


mg/l coneentration employed. 


classes of 
this 
hydrolases (a and B am- 
The 


fairly rapid substrate removal coupled 


are two general 


which can accomplish 
cleavage, the 
ylase) and the phosphorylases. 
with carbohydrate synthesizing capa- 
bility demonstrated by the results of 
the glucose studies indicate that phos- 
phorylase may have been constitutively 


the cells. Table VI 
substrate the 


present in shows 
the 


system. 


recovery for starch 


Respiration vs. Synthesis 


The relationship between synthesis 
and respiration was computed as per 
cent substrate respired, based on the 
ratio of oxygen uptake to COD removal 
as was previously done for the glucose 
system (10 This relationship for the 
qualitative shock load studies for both 
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TABLE VI.—Materials Balance for Metabolism of Starch by Glucose-Acclimated Sludge 


COD | Solids (mg/l) 
Accum. Substrate* 
rime Oxygen Respired Recoy ery 
ar) Accum. | Cale. as | Accum. ptake (mg/l) C/o) 
Meas | Substr.* Meas. (mg) 
(a) GrowTH System 
0 534 140 — — 
2.0 171 63 56 175 35 15 13 S4 
5.0 304 230 | 205 265 125 52 44 83 
9.0 104 130 382 340 200 125 105 80 
11.0 59 175 $23 360 220 147 124 81 
15.0 14 190 136 365 225 169 142 86 
19.0 17 187 34 | 370 | 230 179 151 88 
23.6 58 176 425 400 260 186 157 gs 
36.0 51 183 430 345 205 202 170 87 
(b) ResprraTION SysTeM 
0 534 - 140 —- 
2.5 171 63 56 175 35 11 9 7 
45 354 180 160 235 95 36 30 78 
18.0 196 338 301 325 IS85 84 71 S85 
36.0 107 127 380 330 190 136 116 81 


* Substrate = oxygen consumption multiplied by 162/192. 


growth and respiring conditions is condition persists until the rate of 
shown in Figure 12. oxygen uptake begins to inerease 

Figure 12a shows that for lactose sharply (see Figures 6 and 8). This 
and ribose (both of which required an also corresponds to the initial upward 
extended lag period) there is a decreas- sweep of the solids curves for these 
ing proportion of respiration. This substrates. Most of the waste removed 
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FIGURE 12.—Respiration vs. synthesis during metabolism of qualitative shock load 
substrates under (a) growth conditions and (b) respiring conditions. 
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during the early stage of adaptation is 
respired. 
piration decreasing 
rate compared After 
adaptation, the ratio between respira- 
tion and synthesis increases, because a 
greater number of 
capable of respiring the waste, hence 


As adaptation proceeds, res- 
progresses at a 


tO Ss} nthesis. 


organisms are now 


the response in time becomes similar to 
that for the Even- 
tually, 
limiting and the ratio becomes asymp 
totic to an upper limit. 

Under respiring conditions (Figure 
12b), the trend in 
tween synthesis and respiration is simi- 
lar to that under 
with the exception of 
ribose. In the 
there is a 
tion to synthesis, which is attributed 
to the prolonged lag period. That is, 
the curve is similar to that for ribose 
under growth conditions except that it 


elucose 


system, 


waste concentration becomes 


the relationship be- 
erowth conditions, 


the for 
ease of this substrate, 


curve 


decreasing ratio of respira- 


is moved some 15 hr on the time seale. 


Discussion 


There 


these results which should be the 


are three major aspects of 
sub- 
ject of discussion and analy sis. These 


are: 
1. The 
shock load. 
2. The 


moval. 


quantitative 


response T0 a 


mechanism of substrate re- 
3. The response to a qualitative shock 


load. 


Response to Quantitative Shoe k Load 


The most striking result concerning 
quantitative shock load was the finding 
that regardless of the nitrogen content 
of the system, an 


of plant 


immediate reduction 


efficiency is not indicated. 


That is to say, an immediately success- 


ful response Can occur even if the in- 


crease in organic concentration is not 
accompanied by a balaneed increase in 
nitrogen, 


result 


source of 


concentration of a 


The biochemical basis for this 
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has been previously presented and need 
not be reiterated (10 It should suft- 
fice to say only that synthesis accom- 
panies respiration even if a large 
amount of new protein cannot be pro 


duced. With a 


non-proteinaceous synthesis 


lack of a nitrogen 
source a 
results. The synthesized product may 
be looked on as a storage product, as 
it is produced faster than it is oxidized. 

The majority of shock loads may not 
be accompanied by a concomitant in- 
crease in nitrogen. For an immediately 
successful response, they need not be. 
the 
returned to the aerator, 
the oxidation of the storage product 


However, because a portion of 


sludge must be 
might interfere with purification of the 
the next through the 
On this basis, systems which 


waste on pass 
aerator. 
provide a second tank for sludge re- 
afford better 
tion from the effects of a quantitative 


generation may protec- 


shock load. The addition of a balaneed 
source of nitrogen with the shock load 
might do much to obviate the need for 
such a tank. However, in this case the 
increase in sludge concentration is due 
largely to the creation of 
be difficult to 
Even if newly 
the 
concentration may decrease the system 


new cells 
floeculate. 
floe- 


sludge 


which may 


ereated cells can 


culate, rapid inerease in 
dilution ratio to a point where rapid 
settling is prevented, yielding essen- 
tially the 
sludge. 


effects as a bulking 
Although the addition of a 
weighting agent might settle- 


ability, it would add to the biologically 


Same 
increase 


inert portion of the sludge, which for 
most activated sludge systems is prob- 
ably very high to begin with. 


Vechanism of Nubstrate Removal 


In a previous paper (10) the rapid 
for hoth 


piration and growth systems was ana- 


removal of substrate the res- 
lyzed and explained on the basis of bio- 

That is 
to invoke 


reaction 
not 


chemical sequences. 
to say, if 
the 


adsorption in 


Was necessary 


physicochemical phenomenon of 


analyzing the results. 


4 
f 
fi 
vor 


Vol. 33, No. 8 


However, some investigators may feel 
that adsorption per se plays a major 
role in waste removal of soluble sub- 
strates. The strongest evidence for ad- 
sorption, if such can be said to exist, 
would appear to be the kinetie aspects 
of substrate removal. Often substrate 
removal may be fitted to the Langmuir 
adsorption isotherm. However, this is 
not proof of adsorption. The Mi- 
chaelis-Menten equation of enzyme 
kineties is of identical form. The pres- 
ent results yield evidence against ad- 
sorption per se as a primary mechanism 
of substrate removal. For all of the 
studies herein presented, solids deter- 
minations at zero time were made on 
the sludge immediately before and from 
one to five minutes after contact with 
the substrates. In no case was there a 
large immediate uptake. It naturally 
would be expected that there would be 
a small amount of immediate absorp- 
tion of the substrates into the cells, 
especially if they were previously ae- 
climated. Although substrate removal 
for the acclimated system was fairly 
rapid for the amount of sludge em- 
ployed, in no case was an appreciable 
amount of substrate removed without 
an accompanying oxygen uptake, indi- 
eating an active metabolism of the 
waste, not the physical phenomenon of 
adsorption. A rapid response in the 
growth system was accompanied by an 
increase in solids and in protein. This 
indicates utilization of the substrate, 
not simple adsorption. In the respir- 
ing system, rapid substrate removal 
was accompanied by an increase in 
solids and in carbohydrate. It might 
be argued that this could have been 
adsorption. Although the foregoing 
analysis offers strong evidence, the 
major argument is afforded by a com- 
parison of response to the quantitative 
and qualitative shock loads imposed on 
the sludge. When the sludge was not 
previously acclimated to the substrate 
there was no rapid substrate removal. 
If adsorption were a primary mecha- 
nism, it would be expected that rapid 
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removal of a soluble substrate would be 
independent of metabolic acclimation. 
Based on these results, it is not. 

It is interesting to analyze the results 
from a practical standpoint in light of 
present-day activated sludge systems 
employing short aeration periods. One 
modification provides approximately a 
30-min contact time followed by a pe- 
riod of sludge regeneration. It is pos- 
sible that during this short contact time 
the waste molecules are adsorbed and 
later oxidized during the period of 
sludge regeneration. The extremely 
rapid purification lends credence to 
this view. However, the aeration sol- 
ids concentration employed may be be- 
tween 5,000 and 8,000 mg/l. It would 
seem reasonable to expect that the 
rapidity of substrate removal is pro- 
portional to solids concentration. This 
relationship might be influenced some- 
what by the concentration of substrate 
and by the aeration rate. However, in 
general, it is reasonable to expect that, 
within limits, doubling the biological 
solids concentration might approxi- 
mately halve the time required to at- 
tain a specific degree of substrate re- 
moval. Turning attention to the ae- 
climated system (glucose substrate), 
for an initial solids concentration of 
560 mg/l substrate removal was es- 
sentially complete in 3 to 4 hr. This 
removal is totally attributable to bio- 
chemical or metabolic function of the 
sludge. If the initial solids concentra- 
tion had been in the range of 5,000 to 
6,000 mg /1, it would seem plausible that 
the time required for removal would 
be approximately 1/10 of 3 to 4 hr, or 
18 to 24 min, which is definitely within 
the range of the accelerated contact 
processes. The success of this type of 
process is therefore entirely explained 
on a purely biochemical basis. The 
foregoing analysis pertains to soluble 
BOD removal. Based on these results, 
it is felt that for removal of soluble 
BOD, adsorption does not provide a 
primary mechanism of substrate re- 
moval. 
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Shock Load 


presented 


Re sponse to Qualitative 


The demonstrate 
that whereas it is probably true that 


results 


carbohydrates, as a class, are biologi 
cally soft substrates for organisms nor 
mally present in activated sludge, it 
should not be 
of carbohydrates of only slightly differ- 
ent 


assumed that the inflow 


chemical strueture will in 


essence 
normal or quantitative 


Although 


these compounds was initiated in a 


comprise a 


shock load. acclimation to 


fairly short time, it was by no means of 


such rapidity that it would not seri- 
ously hamper plant efficiency With 
the trend toward shorter aeration pe- 


the 
changes in waste composition is mag- 
nified. 


riods, significance of structural 


Only slight structural changes 


in the substrate effected a drastie 
change in the immediate response of 
the system. The greatest structural 


change from a biochemical standpoint 


Was provided by ribose hexose to pen- 


tose) and caused the greatest change 
in response, 

However, this should not be taken to 
indicate that the the 
change in response is in direct propor- 
of the 


Such a generalization, reason 


magnitude of 


tion to the magnitude 
change. 


structural 


able though it may seem, will require 
more experimental proof and continued 
basie research concerning spatial re 
lationships and specificity of enzyme 
functional! illus 


trated by the difference in response to 


structures, This is 


the two pentoses (ribose and xvlose 
Also, as seen from the results using 
lactose and starch, the linkage which 


must be attacked, rather than the size 
of the molecule, may govern the rapid- 
ity of response 

From a biochemical standpoint the 
load 


can be analyzed in light of the response 


response to a qualitative shock 
of an acclimated system. 
that when 
structural 
Strate a 
dependent on the 


It was found 
the 


sub 


change in 
the 


ul response is largely 


there is a 
configuration of 


success! 


source 


the 


presence of a 


of nitrogen, whereas such is not 
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case for the quantitative shock load. 
The reason for this is fairly apparent. 
If the cell 
new enzymes in order to initiate me- 


requires the induction of 


tabolism, nitrogen is necessary because 
the 
molecule. 


enzyme is 
If the 
ful response is primarily a matter of 


essentially a protein 


mechanism of suecess- 


the normal growth of a small seement 
of the 
constitutively present, a readily avail- 
able still of para- 
mount importance, because the rapid- 


population utilizing enzymes 


nitrogen souree is 
ity of response is dependent on the 
rapidity of replication, which cannot 
occur without protein synthesis. There- 
mode of 
response, the System cannot successfully 
with the 
herein studied without the presence of 


fore, regardless of the exact 


cope qualitative shock loads 


an extracellular source of available 
nitrogen. 

Systems in which extracellular nitro- 
gen was withheld were not totally lack- 
ing in This inter- 
preted as an indication that there is in 


response may be 
the cells a small store of nitrogen (see 
Figure 5b, showing a small net protein 
synthesis in the respiring system), 
probably present as an amino acid pool, 
Which ean provide for the induced syn 
thesis of enzyme(s) required to bring 
the compound into various metabolic 
pathways. In most cases, this pool is 
for a large 
But 
the requisite enzymes are induced, syn- 


not sufficient to provide 


amount of cell replication. once 


thesis of non-nitrogenous constituents 


is possible ; hence, the substrate can be 
oxidatively assimilated and waste re- 
moval effected. 

The amount of cell replication which 
can take place in a system in which a 
nitrogen source is purposely withheld 
would be essentially a function of the 
size of the pool and the numbers of 
viable cells initially in the system in 
relation to the coneentration of avail- 
able For initial 
cell concentrations the degree of popu- 
lation 


carbon souree, low 


doubling may be quite high, 


whereas it would be low for high initial 
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concentrations of viable cells if the 
carbon source is limiting. A large net 
synthesis would be accompanied by an 
increase in protein. For the nitrogen- 
deficient systems studied, the increase 
in cell weight was not accompanied by 
a concomitant increase in protein, which 
indicates that for the cell concentra- 
tions used the increase in solids con- 
centration was not due primarily to a 
net cellular replication. This, there- 
fore, suggests that the response was 
due largely to an en masse induction of 
a few requisite enzymes rather than to 
a change in species predominance. In 
no case was the waste appreciably re- 
moved by oxidation alone. In all re- 
spiring systems there was a net in- 
crease in sludge mass after 36-hr aera- 
tion, corresponding to an increase in 
carbohydrate content of the sludge. 
Kor the growth systems, sludge increase 
corresponded to an increase in protein. 
This is true regardless of whether the 
response mechanism involves en 
masse induction of the majority of the 
population or a constitutive response 
of a portion of the population. Simply 
stated, the biochemical response to a 
qualitative shock load, after the indue- 
tion of the required enzymes, was simi- 
lar to that observed for e@lucose. 

The results indicate that there is 
need to give serious consideration to 
this type of shock load, as well as to 
the other types. It is felt that the 
over-all topic of quantitative and quali- 
tative variation of the waste stream is 
one that is of paramount importance 
in biological waste treatment design 
and operation. Concerning variations 
in waste flow, much attention has been 
focused on the hydraulie aspects, 
whereas little is known about the 
equally eritical and perhaps more fune- 
tionally important chemical changes 
which may take place. 

The tendency toward shorter aera- 
tion periods, increased practice of 
joint treatment, and a cognizance of 
waste stream variation only serve to 
delineate the need for continued re- 
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search on shock loads and translation 
of results to the practical aspects of 
operation and design. 


Conclusions 


1. Removal of the soluble substrates 
studied can be adequately explained on 
the basis of known biochemical reac- 
tions. Such a physical phenomenon as 
the adsorption of the molecules onto 
the floe particle or bacterial surface 
does not appear to be of primary im- 
portance in rapid substrate removal. 

2. For a temporary successful re- 
sponse to a quantitative shock load an 
extracellular source of nitrogen is not 
necessary. 

3. For a suecessful response to the 
qualitative shock loads studied an ex- 
tracellular source of nitrogen is re- 
quired. 

4. The time required for response to 
a qualitative shock loading and the rate 
of substrate removal under this econdi- 
tion for any given sludge is dependent 
on the specific chemical structure of 
the compound introduced. 

5. In the main, the biochemical re- 
sponse to a qualitative shock load, as 
measured by the system parameters 
and with the substrates herein used, is 
the same as that for a quantitative 
shock load, after acclimation has been 
induced. The all-important difference 
is the rate or time factor involved. 
Whereas the waste under conditions of 
the quantitative shock load may be bio- 
logically purified during a normal de- 
tention time in the aerator, the qualita- 
tive shock load may not, and a large 
portion of waste will enter the receiv- 
ing body. 
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RINSING EFFECTIVENESS IN 
METAL FINISHING 


In metal finishing industries, the 
criterion for rinse-water consumption 
is that sufficient water be used to main- 
tain the quality of the metal. How- 
ever, where the precise amount of 
rinsing needed is not known, rinse- 
water use is usually in excess of that 
necessary with acceptable safety fac- 
tors. At one time, these excesses were 
very large. 

As pollution control became a neces- 
sity, methods of reducing rinse-water 
use substantially, without lowering 
product quality, were developed. Sin- 
gle running rinses are being replaced 
with countercurrent systems and with 
combined still and running rinse sys- 
tems. 

Even with the use of multiple rinse 
tanks, however, design of economical 
systems for minimum water use re- 
quires a knowledge of how much rins- 
ing is actually necessary. The answer 
depends on (a) the minimum level of 
contamination allowable without redue- 
ing acceptable metal quality and (b) 
the effectiveness of each rinse system. 

In many cases, the allowable con- 
taminant level simply is not known. 
Attempts to estimate this level by vary- 
ing rinse flow rates do not give defini- 
tive answers, because the second factor, 
rinsing effectiveness, is also involved. 
Furthermore, estimates of the allow- 
able level are usually conservative. 

It is not the purpose here to analyze 


This paper was a contribution to the Jour- 
nal by John A. Tallmadge, Jr., and Bryan A. 
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partment of Chemical Engineering, Yale Uni- 
versity, New Haven, Conn. The latter’s 
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the factors for allowable level, so this 
level will not be discussed further in 
this paper except to emphasize that 
without quantitative information about 
the allowable level for specifie proe- 
esses, the practice of operating rinse 
systems with excessive safety factors 
will continue and water use will be 
much higher than necessary. 

This paper is concerned with the 
second faector—rinsing effectiveness. 
Here design equations are important. 
The currently available equations for 
the design of rinse systems, presented 
by Kushner (1) and others, have been 
reviewed in a recent publication (2). 
These equations are often useful for 
predicting the waste disposal loads pro- 
duced by still, running, and counter- 
current rinses. However, all are based 
on the assumption of complete mixing. 
As will be shown, this complete mixing 
assumption results in gross underesti- 
mation of the amount of contaminant 
remaining on the metal after rinsing. 

Although mixing is promoted by agi- 
tation in some commercial rinse tech- 
niques (that is, by rotating the metal 
or by pumping in air), many rinse 
techniques rely on the mixing which 
occurs while the metal enters and 
leaves the rinse tank. This mixing 
without external agitation may be 
called natural mixing. In the experi- 
ments presented in this paper only 
natural mixing effects were studied. 
No devices for agitating the tank were 
investigated. 

Beeause of contaminant aceumula- 
tion from preceding rinses, commercial 
rinse tanks operate with dissolved con- 
taminant solids in the rinse water. In 
the experiments described in this paper 
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rinse waters did not contain any dis- 
solved solids other than those contained 
in tap water. 


Purpose 


The purposes of this paper are (a) to 
present a new design basis for predict- 
ing rinsing effectiveness, (b) to de- 
scribe the mechanisms which occur in 
rinsing one solid shape, and (c) to 
show that ditfusion 
the predominant 


under certain conditions. 


molecular can be 


rinsing mechanism 


Implications of Complete Mixing 


In reference to a 
tank, the word 
describe the solution 


particular rinse 
is used to 
the 
metal as it arrives at the rinse tank and 
the 


scribe 


‘carryover’ 
adhering to 


word 
the 
metal as it 


used to de 
adhering to the 
leaves the rinse tank. Al 
though the volumes of carryover and 


‘dragout’’ is 


solution 


dragout for a particular tank are often 
nearly equal in practice, the concen- 
trations of contaminants are substan- 
tially different 

Complete mixing means that, at the 
time in reference, the 
every point in the 
Consequently, the 


oncentration at 
the 


assumption of 


tank is same, 


plete mixing implies that (a) the eon- 
taminant concentration adjacent to the 
as the average tank 
concentration that the 
taminant concentration in the 
tank dragout is the same as the tank 


metal is the same 
and h con 
rinse 
concentration at the time of dragout. 
Design Equations—Based on 
Complete Mixing 


The assumptions made (2) for still 
rinse equations are, in summary: (@) 
complete mixing before dragout oceurs, 
(b) 
volume, 
such as 


dragout volume equals carryover 
other 


continuous 


and assumptions 


The 


complete mixing assumption is useful 


operation, 


when tank concentration is sought: the 
dragout-equals-carryover assumption 


is usually applicable except where dry 
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metal is being rinsed; and continuous 
operation is a necessary assumption to 
determine the maximum possible con- 
centrations for a system. 

The still rinse tank composition after 


n cycles is 


in which 


V rinse tank volume; 
D = dragout and carryover volume; 
(>, = contaminant concentration in 


carryover ; 


Cr, tank concentrations after the 
nth cycle; 
Cp, = dragout concentration at the 
nth eyele; and 
* 


= condition of complete mixing 


assumed. 


The fraction, F,, 
taminant 
in n cycles 


of the total con- 
which has entered the tank 

which the 
still rinse tank at the nth cycle is ex- 
pressed by 


is retained in 


V Cre* 
nDC, 


which is developed from Equation 1 
and the literature (2). 

The assumptions made for running 
rinse equations are the same as those 
for still except that 
mixing is assumed to be instantaneous; 


rinses complete 
that is, complete mixing occurs as soon 
as the metal is immersed. 
the 
tion of a 


The expres- 
limiting tank conecentra- 


running 


sion for 
rinse at pseudo 


steady state is 


D 
AR 


agR 


in which 


6 = time of one rinse cycle; and 
R = rinse flow rate expressed as volume 
per unit time. 


The value of a in Equation 3 depends 
on the point in the concentration cycle 
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TABLE I.—Experimental Groups of Rinsing Runs 


| 


Run Numbers* Type of Solution | Rinse Flow | Time at W Tank 
(Chronological Order) tinsed (ml/min) | Rest (see) ing | 


SR 1 to 
SR 9t | High density 


Water-like 


SR 12 to 16 
SR 17 to 21 


Water-like 
High density 


RR 1 to 5 
RR 6 to 9 


Water-like 
High density 


t Used as reproducibility checks. 


which is desired. Buffham (3), modi- 
fying previous work (2) by including 
an additional term in the series ap- 
proximation, has shown that a= + 1, 
0, and — 1 for the maximum, average, 
and minimum limiting concentration, 
respectively. 


Unremoved Contaminant 


To focus attention on dragout con- 
centrations, rather than tank coneen- 
trations, rinsing effectiveness will be 
characterized herein by the fraction of 
contaminant not removed by rinsing. 
This unremoved contaminant fraction 
U is defined for one rinse eyele by 


DCp 
PC,” 
in which 


D = dragout volume; 
P = carryover volume; 
Cp = concentration of contaminant in 
dragout; and 
» = concentration of contaminant in 
carryover. 


~ 


This fraction U usually lies between 
100 per cent for no contaminant re- 
moval down to the very low, but non- 
zero value, U*, obtained with complete 
mixing. Under unusual conditions U 
(actual) may be less than U* (pre- 
dicted). When dragout volume equals 
carryover volume, U* = Cp*/C,, where 
Cp* is the dragout concentration for 
complete mixing. 


0-1,570 | 8 
0-822 34 8 3,660 


* SR indicates still rinse; RR indicates running rinse. 


0 34 1-12 3,240 
0 34 8 | 3,240 
0 | oO184 | 8 3,240 
0 0-184 8 3,240 


For one still rinse (nm = 1), the un- 
removed fraction for complete mixing, 
as calculated from Equation 1, is 


U* = D/(V + D)......(5) 


For the system used in this work, which 
had a carryover and dragout of 1.0 ml 
and a tank volume of 3,240 ml, the 
complete-mixing unremoved contami- 
nant fraction is 0.031 per cent. 

The fraction for the average limiting 
concentration for a running rinse, as 
derived from Equation 3, is: 


U* (avg limit of running rinse) 
= D/oR.. (6) 


Experimental Conditions 


Inasmuch as this work was of an 
exploratory nature, the rinsing of only 
one metal shape was investigated. The 
flat plate was chosen so that theoretical 
equations written to describe the mass 
transfer mechanism would be symmet- 
rical and one-dimensional. 

The effect of the following factors 
on unremoved contaminant was meas- 
ured: contact time, rinse flow rate, 
and contaminant solution density (see 
Table 1). For simplicity in analysis, 
the tank water at the beginning of 
each run was uncontaminated water. 
To approximate less effective rinse pro- 
cedures, no agitation was used except 
that which occurred by natural mixing 
or by running rinse flow. 

Two contaminants, Pontamine Blue 
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dye and sodium chloride salt, were used 
to make the two types of aqueous solu 
tions used in the rinsing runs: (a) low 
density or water-like, density 0.997 i 
mi, 
concentration 


viscosity 0.895 centipoise, low 


2 to 3 mg/ml) dye solu 
tion used to simulate contaminant baths 
having liquid physical properties simi- 
lar to water, and (b) high density or 
salt solution, density 1.083 g/ml, vis 
cosity 1.116 centipoise, a high concen- 
tration (129 mg/ml 
to simulate solutions having density 


salt solution used 


and viscosity higher than that of water. 
About 2 
the 


poses. 


ml of dye was added To 


salt solution for analytical pur- 
It was assumed that dye con- 
tent in the ranges used would not af- 
Solution tem- 
The 
values of density and viscosity given 
were taken from literature values (4) 


at 77°F. 


fect solution properties 
peratures varied from 70 to 85°F. 


Apparatus and Procedure 


the 
and is summarized below. 


A description of apparatus is 


available (3 


The metal rinsed 
plate, 30 


in. long. 


was a flat copper 


in. thick, 5°4 in. wide, and 6 
cent of the 


Only 83 per 


leneth was immersed during rinsing. 
plate 


In rinsing, the copper was 


CARRIAGE MECHANISM 


(HORIZONTAL MOTION) 74 


DIPPING MECHANISM | 


(VERTICAL MOTION) | 
| 
CONTAMINANT | 
BATH 
\ FLAT 
PLATE 
RINSE 
TANK 


FIGURE 1.—Schematic arrangement of 
bath, rinsing tank, and dipping and car- 
riage mechanisms. This is the location of 
the mechanisms when the plate is at rest 
within the rinse tank. 
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the 
contaminant bath, removed vertically, 


dipped vertically into 


cleaned, 
moved horizontally to the rinse tank, 
dipped vertically into the 
and withdrawn vertically. 
was cleaned by scrubbing 


rinse tank, 
The plate 
with a wet 
emery cloth, washed with a detergent, 
and then washed with water. Cleaning 
was considered adequate if solutions 
wetted without 


ting. 


the surface any spot- 

The contaminant bath container was 
1x6xX7in. The rinse tank, located 
3 in. from the bath, was 6 X 6 X 6 In., 
had two opposite sides of glass, and an 
overflow outlet with three V-shaped 
notches. 

The which 
moved the plate up and down, was 


dipping mechanism, 


driven by a vertical *4-in. diameter 


screw. This screw was driven by a 14- 
hp reversible motor through a set of 
belts and pulleys so that the dipping 
speed (and withdrawing speed) could 
The 
distance traveled in dipping was 6.0 

0.1 in. Dipping and withdrawing 
speeds were identical for any particu- 
lar run. 


be varied from 2.5 to 15.0 fpm. 


The carriage mechanism, which moved 
the horizontally 
from the contaminant bath to the rinse 


dipping mechanism 
tank, was driven by a similar arrange- 
ment, but the speed was constant at 2 
fpm. 
The 


nisms (Figure 1] 


carriage and dipping mecha- 
were designed to op- 
erate with a minimum of vibration in 
order to minimize mixing by vibration 
in the tank. To this end, much of the 
apparatus was heavier than necessary, 
guiding rods were placed on two sides 
of the dipping mechanism screw drive, 
the attaching the 
metal plate to the dipping mechanism 
bent 


and brass straps 


were so as to give three-dimen- 


sional support. 
Analytical Methods 


Contaminant solution concentrations 
were determined to within 0.1 per cent 
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by diluting a weighed amount of salt 
or dye with water to a known volume. 

The amount of contaminant held on 
the metal after leaving either the con- 
bath or the rinse tank 
determined by washing all adhering 
liquid off the metal, diluting the col- 
lected solution to a known volume, and 
analyzing this dilute solution. 

Dye contents were determined by 
comparing a portion 
of each dilute wash solution with a set 
standard visual 
techniques. The ten standard solutions 
ranged from 0.0001875 to 0.001875 mg/ 
ml in steps of 0.0001875 mg/ml. The 
precision of this method, limited by 
visual interpolation, was about 0.00006 


taminant Was 


colorimetrically 


of standards using 


for most runs, a maximum 
4 to 8 per cent. 
3 of the 34 dye solutions 
analyzed had maximum errors from 10 
to 20 per cent. The precision of this 
method was considered satisfactory for 


mg/ml, or 
analytical error of 
However, 


this exploratory work. 

Salt content the salt solution 
carryover volume tests was determined 
by titrating the entire wash solution 
with 0.0500 N silver nitrate using a 
indicator. Ti- 
trations were considered precise within 
0.10 ml and the normality of the ti- 
trating solution was probably precise 
within 0.0002 N, 


analytical error was 0.8 per cent. 


for 


potassium dichromate 


Thus, the maximum 


Determination of Carryover Volume 


To calculate the mass of contaminant 
carried to the rinse tank, it was neces- 
sary to determine carryover volume in- 
Carry- 
over to the tank, in general, equals bath 
dragout minus drainage. 
drainage occurred, tank carryover 
equaled bath dragout in all the runs in 
this work. Although methods of esti- 
mating carryover approximately are 
available in the literature, experimen- 
tal measurements were made to obtain 
the desired precision. 
umes were calculated by dividing the 
mass of contaminant washed from the 


dependently of the rinse runs. 


Because no 


Carryover vol- 
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TABLE II.—-Carryover Volumes, 
High-Density Solutions 


1.15 
4 159.8 40.9} 1.24 


7.5 
D 12 7.5 


With- | With- | Salt Carry- 

Run drawal | drawal Cs = ne over 
Number Speed | Time = ae Volume 
(fpm) | (see) mg? (ml) 

D5 2s. ft 12 80.0 + 0.6) 0.62 
D6 2.5 | 12 80.4 + 0.6} 0.62 
D7 2.5 12 80.4 + 0.6) 0.62 

| | | 

D8 3.8 | 8 |1108+0.8) 0.86 
D9 38 | 8 | 113.0408} 0.88 
D 10 38 | 8 11108408) 0.86 
D 11 | 4 148.2 + 0.9 15 


D 13 187.0 + 1.1 


* Precision values based on the estimated 
maximum analytical error. 


plate by the concentration of the con- 
taminant solution. 

The carryover volumes for the water- 
like solution were determined using a 
contaminant solution containing 0.075 
mg/ml dye and were found to be 1.00 
+ 0.05 ml over the entire range of with- 
drawal speeds. Variations of contami- 
nant (0.075, 0.071, 0.079, and 
0.075 mg) were within the estimated 
maximum analytical error of 0.006 mg. 

Carryover volumes for the high-den- 
sity solution, containing 129 mg/ml of 
salt, are given in Table Il. With the 
exception of runs at 7.5 fpm_ with- 
drawal speed, carryover was reprodue- 
ible within analytical error. 

The reason for the different effect of 
withdrawal speed on water-like carry- 
over volume and high-density carry- 
over volume is unexplained. 

For rinsing calculations, the tank 
dragout volume was considered equal 
to the carryover volume of 1.00 ml for 
all low-density rinsing runs as both had 
water-like physical properties. How- 
ever, tank dragout and tank carryover 
are not, in general, equal for salt solu- 
tion rinse tests, as the carryover was a 
high-density material (volumes from 
0.62 to 145 ml in Table IL) and the 
dragout had water-like properties (vol- 
ume of 1.00 ml). To hold conditions 


mass 
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as constant as possible for comparison 
with theory, it was decided to conduct 
all rinse tests with salt solutions at a 
withdrawal speed where the tank drag 
out and tank carryover volumes were 
most nearly equal; that is, at 3.8 fpm. 


Rinsing Mechanisms Based on 
Visual Observations 


A qualitative study of flat plate 
rinsing was made to indicate the rela- 
tive the 
This mechanism study was purposely 


importance of mechanisms. 
done before attempting a_ theoretical 
analysis and before selecting important 
test variables. 

Preliminary 
still and 
colored solutions « 


water-like 


runs were made with 


running rinses using dye- 


f both high density 
density. Based on 
visual and photographie evidence, con- 
taminant separated from the plate as 
follows: 


1. Drop dispersal at entry. 
film and as a 
stable drop at the bottom of the plate. 
As soon as the drop touched the rinse 


Carry- 


over was present as a 


water, most of the drop was dispersed 
over the water surface. 

2. Eddy 
As the plate passed from the surface 
downward, a small portion of the ad- 


transfer during dipping. 


hering film of contaminant was _ re- 
moved in eddy currents. 
[ ]Peare 
WN 
e/ 6 
SWIRLS 
RINSE 
TANK 
\ 
// \\ WAKE 
/ \\ 


FIGURE 2.—Surface-wiping mechanisms 
during withdrawal. 
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TABLE III.—-Contaminant Removal Based 


on Visual Evidence 


Amount of Water-Like High-Density 
femoval Solution Solution 
Major Surface wiping Surface wiping 
Minor Drop dispersal Drop dispersal 
Eddy transfer 
Natural convection 
Negligible Eddy transfer Film inertia 
Film inertia 
Nat ral convection 


3. Film inertia at stopping. 


the the 
stopped, a small amount of contami- 


When 
downward motion of plate 
nant continued moving down from the 
bottom of the plate. 

4. Natural After the 


plate had stopped natural convection 


convection. 


currents began to develop. 

Surface wiping during with- 
drawal. When the plate was drawn up 
through the tank, a wake of colored 
solution in an inverted V was noted at 
the bottom of the plate and ribbon- 
like swirls formed at the 
of the water surface and the plate. 
These swirls and wakes had substantial 
dye content. These 
shown in Figure 2. 


intersection 


phenomena are 

A comparison of the relative contri- 
bution of each step toward removal is 
Table III. In the range 
studied, rinse flow rate had little effect. 
During step 5 it appeared as though 


given in 


the contaminant was removed from the 
plate by an invisible wiper and most of 
the wiping was at the surface; henee, 
surface wiping. 

Based on the foregoing information, 
the mechanism of removal from a flat 
plate is explained as The 
carryover consists of a thin film over 


follows: 


the entire plate and a pendant drop at 
the bottom of the plate. 
dissipated over the surface by surface 


The drop is 


tension and gravity forces as soon as it 
The thin film, 
for the most part, remains next to the 
plate during dipping beeause the fluid 
Then, 
while the plate is held fixed in the wa- 
ter, contaminant moves away from the 


touches the rinse water. 


motion near the film is laminar. 


: 
j 
30 
> 
; 
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Time at 
Run Number Rest 
sec) 


In Carryover 


12 3.00 + 0.23 
SR 13 14 3.00 + 0.23 
SR 14 34 3.00 + 0.23 
SR 15 84 3.00 + 0.23 


3.00 + 0.23 


Complete mixing 3.00 


film by molecular diffusion, and if there 
are sufficient density differences be- 
tween the film and the water, 
natural convection currents are slowly 
set up. During plate removal, the thin 
layer continues to remain next to the 
plate and becomes the dragout volume. 


rinse 


The swirls and wakes contain contami- 
nant material that has diffused too far 
from the plate to be withdrawn with it. 

The film postulated in the foregoing 
is very thin. Based on conditions used 
in this work (1.0-ml carryover volume 
and 370 sq em of covered area), the 
layer is 0.0027 em thick. 

Therefore, the significant contribu- 
tions toward the removal of contami- 
nant from the plate are, in order of im- 
portance: (a) diffusion (and some- 
times convection) of the contaminant 
away from the thin liquid layer which 
subsequently becomes the dragout, and 
(b) drop dispersal at entry. From 
this viewpoint the surface-wiping step 


5 depends on two simultaneous mecha- 
molecular diffusion and natural 
convection. 


nisms 


Time at 
in Number Rest 


sec) 


In Carryover 


SR 17 1.74 + 0.014 
SR 18 19 1.74 + 0.014 
SR 19 3 1.74 + 0.014 
SR 20 4 1.74 + 0.014 
21 1.74 


Complete mixing 


METAL FINISHING WASTES 
TABLE IV.—Effect of Contact Time on Still Rinsing Water-Like Solutions 


Amount of Dye (mg) 


TABLE V.—Effect of Contact Time on Still Rinsing Salt Solutions 


Unremoved 
Contaminant 
Fraction (%) 


In Rinse Dragout 


0.503 + 0.023 + 2, 

0.360 + 0.023 12.0 + 1.7 
0.225 + 0.023 7.56 + 1.3 
0.112 + 0.006 3.7 + 0.5 
0.094 + 0.006 3.1 + 0.4 


0.00093 


0.031 


A single test with a potassium di- 
chromate solution of density much 
higher than 1.08 g/ml indicated that 
natural convection would be of mueh 
greater significance for higher den- 
sities. 


Calculation Method for Rinse Tests 


The fraction of unremoved contami- 
nant U was calculated by dividing the 
contaminant mass in tank dragout by 
the product of carryover volumes and 
carryover concentration. The ecarry- 
over volumes used were 1.00 ml for wa- 
ter-like solutions and 0.87 ml for salt 
solutions. 

The maximum analytical error was 
considered equal to the sum of errors 
in carryover volume and tank dragout 
mass. 


Reproducibility of Rinse Tests 


Conditions for each of the six groups 
of runs are given in Table I. 

Reproducibility within a group of 
runs, tested by duplicate runs at three 


Amount of Dye (mg) 


Unremoved 
Contaminant 
Fraction (%) 
In Rinse Dragout 


0.251 + 0.011 14.4 + 0.8 


0.169 + 0.011 9.7 + 0.7 
0.139 + 0.011 8.0 + 0.7 
0.056 + 0.011 3.2 + 0.7 


0.032 + 0.006 18+ 03 


0.00054 0.031 
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TABLE VI.—Effect of Flow Rate 
on Running Rinses 


Runs SR 1 to 6), 
was well within analytical error. For 


withdrawal 


rates 
example, two runs at 8-see withdrawal 
time unremoved contaminant 
$07 and 4.57 per 


where the maximum analytical error 


gave 


fractions of cent, 


was 0.5 per cent in the same units. 
Reproducibility from group to group, 


however, tested by triplicate runs at 
within 
three 


with high-density solution gave 


two solution densities, was not 
analytical error. For example, 
runs 
unremoved contaminant fractions of 
10.0 = 0.9 per 

0.7 per cent 
RR 6 


solutions 


cent (Run SR 9), 8.0 
SR 19), and 8.1+ 0.4 
per cent and three runs with 
water-like 

fractions of 4.3 


0.7 per cent 


unremoved 
SR 3 


rave 

0.5 per cent 

cent SR 14 
RR 1 The 


hich occurred 


per and 5.0 
cause of 
variations, 


these over 


several weeks’ time, is not known. 


Effect of Contact Time 


The effect of the 
metal held at 
moved fraction 


the 


unre 


leneth of time 


was rest on the 
is shown for water-like 
Table IV and for salt solu- 
tions in Table \ Values for complete 

tables 
The 


vithdrawing was con- 


solutions in 


mixing shown these were 


based on Equation 5. time for 


dipping and Tor 
at & sec each for each of these 


stant 
If a mean is defined 


us half the 


ruts. contact time 


as rest time time for 


August 1961 
dipping and withdrawal, the mean con- 
tact time for these results is 8 see more 
than the rest time. 

Tables LV and V 
time 


It can be seen from 
that hold 
fective method for 
taminant level. 


increasing was an ef- 


reducing the con 
However, even after 3 
min hold time, the amount of contami- 
nant remaining on the metal after rins 
ing was from 60 to 100 times greater 
than that predicted by assuming com- 
plete mixing. 
removed 


At shorter times, the un- 
contaminant was as much as 
\00 times greater than that predicted 
by complete mixing equations. 

Removal for high-density solutions 
was quantitatively similar to that for 
water-like the rest 
that the 
contact time and for densities 
of 1.00 to 1.08 g/ml, diffusion is much 
more important than natural convee- 
tion 


densities at 
This 


range of 


same 


time. indicated within 


Effect of Flow Rate 
Running rinses were characterized by 
the flow rate. No 
made to 


varying attempt, 
the 


limiting values of 


however, was measure 


pseudo-steady state 
tank concentration such as predicted 
by Equation 3. 

The effect of 
water-like 


flow rates using both 
and salt 
ing 2.00 mg/ml of dye is given in Table 
V1. 
pipe 
from the 


solutions contain- 
Rinse water entered from a 14-i 
about % 

of the 
the 
the 
tank. Operating conditions are given 
in Table I. 


fraction of 


discharged 
bottom 
tank and left by 


which 
near one side 
flowing through 


notches on the opposite side of 
The maximum analytieal 
unremoved 
for the 
0.4 per cent 


errors, con- 


taminant, were + 0.6 per cent 
water-like solutions and 
for the salt solutions. 


Table VI the effect 
approximately linear in flow rate, and 


shows that was 
that a rinse flow of about 20 per cent 
of the tank volume per minute led to 
one-tenth 
than that of a still rinse. 

Visual 


less unremoved contaminant 


observation of the running 


3 
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Pat 
Rins R Unremoved 
Run Plow men Con 
Num- Solutior R ‘Tank | taminant 
e| 
RR Water-lik 0 0 5.0 
RR 2.) Water-like 200 6 1.7 . 
RR Water-lik 132 12 1.7 
RR 4 | Water-like 714 20 14 
RR Water-like 1,570 14 3.8 

RR 6) Salt 0 0 8.1 
RR 7) Salt 114 7.5 
RR 8) Salt 308 8 7.3 
RR Salt 822 23 7.1 
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rinses indicated that, even at 
rinse rates, few eddies were 
the dye layer. 

It was coneluded that, although in- 
creasing flow 


high 
noted in 


increase re- 
moval somewhat, the effect of flow rate 
on contaminant removal is small in 
comparison to other factors, such as 
contact time. Furthermore, it might 
be expected that the effect of agitation 
by reeyele flow would also be small. 


rates does 


Rinsing Mechanisms Based on 
Experimental Data 


That contact time greatly affects the 
amount of unremoved contaminant, is 
strong evidence that diffusion or con- 
vection is more important than drop 
dispersal, for the latter would not be 
affected by changing the contact time. 
The small effect 
contaminant removal is consistent with 


of rinse flow rate on 


the thin film model discussed previ- 
ously, as the low velocities created by 
rinse flow would be expected to have 
little or no effect on the rate of mass 
transfer in the film. The effect of 
density on removal indicated that dif- 
fusion Thus the qualitative 
conclusion that the mixing is due pri- 


controls. 


marily to diffusion is consistent with 
quantitative evidence. 
Assuming the thin-film model with 
mass transfer only by molecular dif- 
Buffham (3) shown by 
solution of a partial differential equa- 
tion (Fick’s Law) that the fraction of 


fusion, has 


unremoved contaminant U is approxi- 
mately the following function of time, 
in any consistent units: 


in which 


L is the hypothetical film thickness ; 

D,, is the mass diffusivity of the con- 
taminant; and 

t is the contact time. 
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FIGURE 3.—Relationship between un- 
removed contaminant and mean contact 
time. 


Equation 7 is applicable for time 
within the range of 10 L?/xD,, to an 
upper limit of 1,000 L*/xD,, or higher. 
Based on Pontamine Blue dye dif- 
fusivity of 0.5 x 10° sq em/see and 
the assumed film thickness of 0.0027 
em, the time range applicable here is 5 
to 500 see. 

Figure 3 shows the functional rela- 
tionship between unremoved contami- 
nant and mean contact time based on 
(a) a diffusion model given by Equa- 
tion 7, (b) a complete mixing model 
given by Equation 5, and (c) the ex- 
perimental data for a still rinse given 
in Tables IV and V. 

It is clear from Figure 3 that the ex- 
perimental values of unremoved econ- 
taminant are better represented by the 
diffusion model than by the complete 
mixing model. 

The fact that the experimental values 
of unremoved contaminant are slightly 
lower than that predicted by diffusion 
alone indicates that other effeets, such 
as drop dispersal and natural convee- 
tion, are small but not negligible. The 
closeness of the data to the diffusion 
prediction indicates that diffusion is 
the controlling mechanism under these 
conditions. 
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Design Equations—Based on Actual 
Mixing (Tank Concentrations) 


Because the assumption of complete 
mixing implies that tank and dragout 
concentrations are equal, one set of 
equations is sufficient to determine both 
For 
however, two sets of equations are re- 


concentrations actual mixing, 
quired, because dragout concentration 
is unequal to tank concentration. 
These actual mixing equations are 
derived using the assumptions that (a) 
mixing is not complete, b the tank 
concentration is small compared with 
the carryover concentration, (c) drag- 
out 
and (d 


tinuous operation 


volume volume, 


“juals carryover 
other assumptions such as con- 


tion holds as follows: 


assump- 
always for rinses 
with uncontaminated water; generally 
for running rinses; and sometimes for 
still rinses. 
is the frae- 
in the 
amount 


For one rinse eyele, if U 
unremoved contaminant 
dragout, then (1—l is the 
of contaminant 


tion of 
remaining in the tank. 
Furthermore, for each subsequent rinse 
cycle, the quantity 1 l 
fraction of 


is also the 
contaminant 
which is retained during that cycle—if 
Therefore, 
with 


carryover 


assumption ‘‘b’’ applies 


values of U determined uncon- 


taminated rinses (as in this paper) are 


applicable to still rinses and running 
contaminants are 


rinses where present 


in the rinse tank water—if U’ does not 


change appreciably from C\ cle to evele. 


The actual tank contaminant con- 
centration would be (1 l ] U 
times as large as that predicted by 
complete mixing where U’* is based on 


complete mixing. 
ST il] 


Based on Equations 
» and 6 for and rinses, 
U* is 
when assumption ‘‘b’’ applies. There- 


the actual tank concentration, 


running 
very small compared to unity 
where Cy is 


This re- 


lationship is used in conjunction with 
and 3 to obtain the fol- 
lowing equations: 


The 


Equations 1, 2, 


still rinse tank concentration 
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after the nth cycle is 


Crs 1—U)i1 8 


The total 
moved in a still rinse during n eycles is 


fraction of contaminant re- 


V Cr, 
nDC, 


. (9) 


The running rinse tank coneentration, 
for the average limiting value, is 


Da UV) 


(10) 
OR 


Where are al- 
lowed to build up to appreciable levels, 
still rinse Equation 8 will predict tank 
which 
those found in practice. 

The 


will be discussed in the following see- 


tank concentrations 


concentrations are higher than 


usefulness of these equations 


tions on viewpoint. 


Design Equations—Based on Actual 
Mixing (Dragout Concentration) 


These equations are derived using 
the same four assumptions which were 
For any 
dragout 


used in the preceding section. 
where 
carryover volumes are equal, the drag- 


one rinse cycle, and 


out concentration is 
Cp U(c, — Cr) + Cr (11) 


in which Cy is given by Equations 8 
or 10. 
concentration is small compared with 


The assumption that the tank 


the carryover concentration implies 


that Equation 11 may be simplified to 

Cp UC, (12) 
Equation 12, when used for the same 
under whieh U 
mined, applies to all uncontaminated 


conditions was deter- 


rinses, almost all running rinses, and 
some still rinses. 
When 


lowed to build up to appreciable levels, 


tank concentrations are al- 
such as with still rinses, Equations 10 
and 11 are more precise than either 
Equation 12 or Equation 1. 
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Viewpoint of Waste Treatment 
Designer 


Those who design treatment facilities 
for wastes are primarily concerned with 
tank concentrations and not tank drag- 
out concentrations. In other words, 
they are concerned with the amount of 
contaminant which is removed rather 
than that which is not removed. 

As complete mixing equations pre- 
dict the average tank concentration 
within 10 per cent unless U is greater 
than 10 per cent, and as these equa- 
tions are conservative from the design 
viewpoint, Equations 1 to 3 are suit- 
able for the design of waste treatment 
facilities. 


Viewpoint of the Metal Finisher 


Most important from the metal fin- 
isher’s viewpoint is that contaminant 
levels left on metal after rinsing may 
be many times (50 to 500) greater than 
those predicted by complete mixing. 
Because smaller values are necessary 
for conservative design from the metal 
finisher’s viewpoint, it is clear that 
complete mixing equations are entirely 
unsatisfactory for estimating dragout 
concentrations and contaminant levels 
left on the metal. 

Satisfactory dragout concentrations, 
however, can be estimated from the 
actual mixing relationships presented 
in this paper, which utilize the fraction 
of the unremoved contaminant. Be- 
eause values of this fraction UV are not 
available as functions of the many in- 
fluencing factors, experimental meas- 
urement is necessary to determine what 
value U has for a specific case. How- 
ever, a single test is generally all that 
is required. If the rinse tank to be 
tested is in operation, the value of the 
unremoved contaminant fraction may 
easily be determined by analyzing, for 
only one run, the amount of contami- 
nant in carryover and dragout under 
operating conditions. Where the tank 
has not been built or cannot be tested 
under desired operating conditions, a 
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single laboratory test may be sufficient 
to determine an approximate but re- 
liable value of unremoved contaminant 
fraction. As values of U’ become avail- 
able for a wide range of conditions and 
shapes, it will be possible to use the 
foregoing dragout equations without 
the necessity for an experimental test. 
For example, the effect of contact time 
on unremoved contaminant in water- 
like solutions for flat plates without 
agitation may be approximated by 
Equation 7. 

The conclusion that diffusion is the 
most important for flat 
plates may not be extended to other 
shapes without experimental evidence. 
However, the film model does indicate 
that effeets which dislodge the thin film 
of liquid adhering to the metal will im- 
prove rinsing effectiveness for most 
shapes. Therefore, substantial im- 
provements rinsing effectiveness 
would probably result from moving 
either the metal or the thin film dur- 
ing rinsing, whereas agitation of the 
liquid bulk would probably have a 
much smaller effect. Movement of the 
thin film might be brought about by 
ultrasonie vibration. 


Conclusions 


1. At one dip and withdraw rate, the 
diffusion model qualitatively deseribed 
the effect of contact time on flat plate 
rinsing effectiveness and quantitatively 
described the magnitude of rinsing ef- 
fectiveness. 

2. Although increased rinse flow in a 
running system did improve rinsing ef- 
fectiveness, the effect of rinse flow was 
not as large as the effect of contact time 
over the ranges studied. 

3. Proper design of rinse systems re- 
quires a knowledge of both rinsing ef- 
feetiveness and the maximum allowable 
contaminant level. 

4. From the waste treatment de- 
signer’s viewpoint, rinse tank coneen- 
trations predicted from complete mix- 
ing equations are satisfactory. 
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metal finisher’s view- 
point, dragout concentrations predicted 
mixing 


entirely unsatisfactory, for mixing is 


5. From the 


from complete equations are 
far from complete and these equations 
predict metal contaminant levels which 
fraction of the ob- 
Dragout 
centrations are pred icted better from 


are only a small 


served concentrations. eon- 


actual mixing equations. 
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DESIGN FROM AN 
VIEWPOINT 


OPERATOR’S 


Wm. A. Newell 


Usually the operator is somewhat lim- 
ited in experience with other plants 
and processes and many of his opinions 
are based on complaints and observa- 
tions resulting from experiences and 
conditions at his plant. The 
causes may or may not be a result of 
action. With these limiting 
factors in mind, it becomes necessary 
to approach the discussion from a gen- 
eral viewpoint and make special effort 
to avoid personal bias and complaints. 

It is not the intent to tell the engi- 
neer how to design sewage treatment 
plants or to force on him opinions and 
ideas in such a manner as to ereate ill 
feeling or This attempt 
will be to present to the engineers and 
treatment plants, in a 
reasonable and _ acceptable, 
those ideas and observations which are 
felt to be of a direct as well as indirect 
value to operators and to those charged 
with the obligation of designing eco- 
nomical and efficient treatment plants. 

Operators, because of their direct 
and continuous contact with the treat- 
ment process, are in a unique position 
to obtain information which will bene- 
fit not only the operator and the de- 
signer, but which also may be of direct 
importance to the health and welfare 
of many others. 

It is important that an understand- 
ing exists for corrections and improve- 


own 


his own 


resentment. 


designers of 


manner 


Wm. A. Newell is the treatment plant 
superintendent at Eugene, Ore. 

The paper was given at the Pacific North- 
west Pollution Control Association at Walla 
Walla, Wash., Oct. 21, 1960, and was printed 
in the Newsletter of the Pacific Northwest 
Pollution Control Vol. 6, Dee. 
1960. 
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ments relative to the design and con- 
struction procedures involved in waste 
treatment plant design. As was men- 
tioned before, there is no intent to 
coerce the designer to aceept those 
ideas which are believed to be impor- 
tant; rather it is hoped to gain ae- 
ceptance by showing that their value 
is for the general welfare, for more 
efficient and plant 
operation, for the benefit of the engi- 
neer, and because the work of each is 
complementary and necessary. Econ- 
omy and efficiency must be viewed from 
two aspects: first, relative to the opera- 
tion of the plant itself; and second, to 
the end product or the treated sewage. 
The fact that a plant is economical to 
build does not mean that it will be 
economical to operate, nor is it diffieult 
to observe that efficiency in the opera- 
tion phase may not result in efficieney 
when applied to the end product, the 
treated waste. 

Many times the careful study, work, 
and planning exercised in the design of 
a plant are partially nullified simply 
because the designer fails to or is un- 
able to view to some extent the resolved 
plan or product in the eyes of the fu- 
ture operator. 
views in this manner, is extremely dif- 
ficult, but if actual acquaintance or 
practical experience with plant opera- 


more economical 


To transpose one’s own 


tion is lacking, then such a mental ae- 
tion is practically impossible. 
ever, it is possible that many of the 


How- 


ideas, suggestions, discussions, reports, 
data, and records available from the 
operator can be useful in supplement- 
ing and complementing the designer’s 
own knowledge and experience. 
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Beginning of Design 

It is believed that plant design be 
gins on the day the municipality or in 
dustry receives its notices from the 
proper authority that initial or addi- 
tional treatment is necessary. At this 
time the small seeds of partial informa- 
tion, misinformation, half truths and 
suppositions, and erroneous deductions 
begin to develop. Very often these 
grow into unwarranted resistance and 
opposition to proper development and 
financing of the project. These seeds, 
which grow like weeds in the fields, are 
just as difficult to eradicate and if not 
properly handled the whole project 
can practically fail before it has begun. 

On the shoulders of the engineers 
falls the problem or obligation to 
eradicate or rectify misunderstandings 
and erroneous deduction, complete the 
partial information to understanding 
and realization of the true value of the 
project, and to expunge the false ideas 
and fables that have been developed. 
By approaching the problem of design 
initially from this angle, the engineer 
can improve immeasurably the climate 
and conditions relative to his im- 
mediate problems and can ease many 
operator's problems that may later be- 
come evident. 

People dislike to spend money on 
something that offers neither visible 
enjoyment nor monetary returns. The 
values of a treatment plant are some- 
what intangible in nature and without 
proper education and information the 
first reaction of the public is to spend 
as little as necessary to build a plant, 
and no more than is necessary to get 
by the minimum requirements. Subse- 
quently, in line with the above feeling, 
support of the plant by the publie to- 
ward employing qualified personnel 
and providing adequate wages, equip- 
ment, supplies, and maintenance will 
be at a minimum. 


Engineer's Visits 


Periodic visits by the engineer. not 
just for the first few weeks or months 
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of operation but over a period of years, 
are of inestimable value to the engineer 
himself and to the operator. These 
visits will permit the engineer to cor- 
rect mistakes that might later be re- 
peated, and also enable him to see the 
condition of actual operation and main- 
tenance and how they compare and 
affect the proposed plan or process. 

As a morale booster for the operator, 
it is of great value. It establishes and 
maintains the feeling on the part of the 
operator that the engineer’s interest is 
continuous and sustained. It enables 
the operator to seek solutions to prob- 
lems that arise often after extended 
periods. These visits usually establish 
a more personal and easual relation- 
ship and permit a better understanding 
of the problems 

Often during visits the engineer is 
able to explain more clearly why eer- 
tain features were used or omitted and 
what limitations were imposed relative 
to design, financing, and other items 
important to plant operations. Again, 
it is possible for the engineer to ap- 
proach the higher authorities with 
recommendations for various improve- 
ments, corrections, and changes needed 
by the operator where the operator’s 
own request might be quickly rejected 
by those not familiar with the problems 
involved. 

The mutual understanding that ean 
develop from these casual exchanges of 
ideas is a potential benefit to the engi- 
neer. <A well-run plant is a credit to 
the engineer and his abilities, whereas 
a poorly-run and maintained plant is 
a reflection on his abilities even though 
both the design and construction were 
exceptional. 


Public Opinion 


Everyone can recall instances in a 
community where there was an ex- 
penditure of several hundred thousand 
dollars on a beautiful architeetural 
triumph and then, in order to save a 
few dollars here and there. the land- 
scaping and exterior development were 
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left until a later date, presumably to 
be done by municipal forces or when 
the Often this 
condition of and general 
lected appearance exists for several 
years. This same thing frequently hap- 
pens in the case of sewage treatment 
plants. 

Results of such economic action may 
seem to be a temporary financial neces- 
sity, harmless and unimportant, but the 
consequences can be any or all of the 


money was available. 


weeds neg- 


following: 


1. The prestige of the designer defi- 
nitely suffers. 

2. The people are afraid that they 
have been sold a bill of goods and are 
now positive that such is the case and 
cooperation is more difficult to obtain. 

3. There is a certain waste involved 
in what has already been spent on 
exterior finish and appearance. 

4. The morale of the operator is 
harmed, there may be a loss of initia- 
tive, pride, efficiency, and economy in 
operation. 

5. The public may develop certain 
doubts as to the capabilities of the 
public officers and administration. 


Since the general public has little 
knowledge of treatment operation and 
the processes involved, the appearance 
of the buildings, equipment, and 
grounds an enormous effect on 
the reception and reaction of the publie 
to the structures and facilities which 
it has been required (so to speak) to 
finance and operate. It is not uncom- 
mon for the publie and officials to be 
misled into thinking they have a very 
efficient and well-operated plant, simply 
because it is kept looking pretty and 
shiny. So the engineer must exercise 
great care relative to the external ap- 
pearance of the buildings and other 
their compatibility with 
the surroundings, and the selection of 
suitable and durable exterior finishes. 
Also, he must study carefully the first 
cost in relation to the second and third 


has 


structures, 
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ones such as repair, maintenance, and 
replacement. 


Lighting and Paint 


A definite balance must be struck 
concerning lighting. It is necessary 
that there be adequate natural illumi- 
nation, but heat losses are expensive, 
and more important, window cleaning 
takes an enormous amount of time and 
if this is not done the appearance 
rapidly deteriorates. 

Durable wall finishes inside and out 
are extremely important. The second 
and third costs must be carefully 
studied. Paint does not last forever, 
especially around a sewage treatment 
plant and the engineer should consider 
carefully its use in certain locations. 
It is not the intent to disparage the 
use of paints. The use of paint in the 
proper place is necessary if a good- 
looking and well-maintained plant is to 
be obtained. The engineer should al- 
ways use the best grade paints. They 
cost a little more but cost no more to 
apply and have a much longer life. 

An engineer should give special 
thought to obtaining better base metal 
preparation on factory-painted equip- 
ment. This would not only benefit the 
operator on maintenance, but would 
also give a measure of protection to the 
paint manufacturer who often gets the 
blame for poor results which are not 
his fault. 


Materials 


There are many structures around a 
treatment plant, such as walkways, 
handrails, hatch covers, and grates, 
that have in the past been constructed 
of malleable and cast iron, which in 
the final treatment have required prim- 
ing and painting. Such finishes often 
are difficult to apply and even more dif- 
ficult to maintain. Many of these items 
can be constructed of other materials 
and still be assembled satisfactorily in 
the field. The use of aluminum and 
other light-weight metals for hatch 
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covers and grates can be both a life 
saver and a back saver. The finishes 


of both galvanized metal and aluminum 


are durable and have a neat appear- 


ance, 
These items cost 


slightly more 


than the same item of black or cast iron, 


may 


but there is often an eventual cost sav- 
ings, since there is no painting involved 
and the maintenance cost is nil. 
Water is the principal tool for gen- 
eral cleaning in nearly all phases of 
plant operation and maintenanee. It 
should be available for immediate use 
at all times, in adequate quantities, at 
adequate pressures (80 psi is not ex- 
and ¢on- 
The outlets should 
that 
Start-stop sta- 
located. 
at many plants can 


cessive and at 
venient 


be placed conveniently SO 


adequate 
locations. 
long 
hoses are not necessary. 
tions should be conveniently 
Poor maintenance 
be partially 
water supplies and service. 


attributed to inadequate 


Other Factors 


treatment 


cheap ; it costs just as 


Labor in a plant is not 


much there as 
anywhere else and, 


very important. 


quality-wise, it is 
In some instances supposedly eco- 
nomical plants have been built and sold 
to the public on the erroneous supposi- 
tion that they could be operated by any 
help at any price. If the engineer is 
to protect his 
obligation to 


eood name he has an 


assist the operators in 
eliminating this falsehood of economy, 
The engineer can do this by providing 
honest information to his clients and 
the operator may assist the engineer by 
conscientious attention to his job 

The external appearance of a treat- 
ment plant should be considered in the 
design. The fundamental objective of 
the engineer is to process the waste in 
the most economical space with as short 
a system of connecting channels or 
pipes as possible, such that the opti- 
mum of will be obtained. 


It is important that those areas of 


treatment 
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operation requiring the most time and 
attention be particular study. 
should be centrally 
located, readily accessible, easily main- 


riven 
If possible they 


tained and cleaned, and readily visible 
for inspection. 

The types of equipment process or 
units which trouble 
should be given special thought in de 
sign, with particular attention to main- 


cause the most 


tenance and repair, and replacement. 
The engineer should remember that the 
operator does not like to do a complete 
pipe-dismantling job to get at one part. 

The matter of competitive items and 
equipment is considered again. Some 
items are cheap copies of the original. 
are much lighter and 
much shorter useful life. Some parts 
are difficult if not impossible to replace. 


Some have a 


Often the service is poor. The price 
may be right, but is the piece of equip- 
Remember, the 
operator must live with this equipment. 
His very life may depend on it. The 
operator is the one who must explain 
why the material did not stand up and 
why it cost so much to operate and 
maintain. It is extremely important 
that a definite study and inquiries be 


ment the correct one? 


made relative to major items before 
making a final selection. 

If the operator is to properly oper- 
ate, maintain, and repair his equip- 
ment, it is essential that adequate tools 
be furnished to do the job. Proper 
equipment must be available to main- 
The 


materials 


tain the plant appearance. op- 


erator must have the and 


supplies to do the job. In order to 


protect his own interest, the engineer 
can assist in the procurement of the 
items by suggesting a suitable list. 


The recommendation he gives will fre- 
quently be accepted without question. 
This is an important funetion of the 
engineer because his influence is great. 

Nothing man feel better 
than when he is able to say ‘‘This is 
my office.’’ 


makes a 


It does something for him; 
it helps his ego, and gives him confi- 


dence. Much work ean be aeccom- 
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plished in a well-lighted office. This is 
where the data that may some day help 
the engineer will be tabulated and re- 
corded. The office should not be 
crowded into a cubbyhole that might 
have been a closet. 

Some engineers feel that a laboratory 
for the small plant is a waste of money 


AND DESIGN 833 
initiative and originality is not neces- 
sarily economical in time or money. 


Summary 


Throughout this discussion, an at- 
tempt has been made to stress how the 
work of the operator and the engineer 
is in a sense contingent on each other. 


and space. Rather they should assume 
that if given the opportunity most 
operators will use the facilities of a 
laboratory. 


The engineer can, through his sugges- 
tion and recommendations, assist in 
obtaining those facilities which will 
enable the operator to manage more 
efficiently and economically. Likewise, 
the manner in which the plant is main- 
tained and operated definitely affects 
the feeling and attitude of the public 
toward the services and abilities of the 
engineer for future work. 


If the operator does use 
the laboratory, much will be gained, 
If 
the laboratory facilities are not used at 
first, encouragement may bring about 
later 


often to the benefit of the engineer. 


use. It is true a good operator 


will show initiative, but overworking 


FEDERATION COMMITTEE SPONSORING STATE SURVEYS 


The Federation’s Committee on Personnel Advancement is cooperat- 
ing with the ‘‘Joint Committee of the American Water Works Associa- 
tion, Conference of State Sanitary Engineers, and the Water Pollution 
Control Federation on Certification and Training,’’ in a study of train- 
ing and certification procedures used in all states. The Federation’s 
committee conducted a similar but less extensive survey last year and its 
participation in this study will be designed to make last year’s tabula- 
tion current and to secure additional information on training programs. 

The ‘‘Joint Committee’? has decided that personal visits will ae- 
complish more than mailed questionnaires and has asked the cooperation 
of the Public Health Service. Engineers of the Health Service will take 
the questionnaires, visit each state health department, and gather the 
desired information and data. The information, programs, and publica- 
tions obtained will be returned and distributed to the Federation and 
AWWA committees for their use in preparing training programs and 
lecture guides and in updating certification records. 

The visits will be made during late August and in September. All 
those contacted are urged to cooperate to the fullest extent possible to 
assist this committee’s effort toward personnel advancement. 

It is hoped that additional information will be reported at the Fed- 
eration meeting in Milwaukee in October. 
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DEPHENOLIZATION OF 
BY—PRODUCT COKE PLANT 
AMMONIACAL LIQUOR 


Walter E. Carbone 


The experience in dephenolization of 
by-product coke plant ammoniaeal liq- 
uors presently available to the Wil- 
putte Coke been 
gained over a period of three decades 


Oven Division has 
by various divisions, operating and con- 
struction, of the Allied Chemical Cor- 
poration, It the of this 
paper to review process and plant fa- 
cilities which the for this 
experience. 

The initial installation removal 
of phenol from the waste effluent of the 
Semet-Solvay Division by-product coke 
plant at Ironton, Ohio, discharged into 
the Ohio River, was placed in operation 
in 1928, 


ess and design of the facilities, a ecom- 


IS 


purpose 


form basis 


for 


Prior To selection ot the proe- 


prehensive study was made of the avail- 
able methods developed for the preven- 
tion of objectionable taste and odor in 
public water supplies originating and 
caused by phenol-bearing wastewaters. 
Numerous processes yielding removal 
efficiencies exceeding 90 per cent and 
the public health au- 
thorities were examined. 


to 


satisfactory t 
However, due 
to a variety of disadvantages, the ma- 


jority were found to be unsuitable for 
the specific application under consid- 
The influencing the 
final choice were continuity, flexibility, 


It was found 


eration. factors 
and economical operation, 
that the 
conditions 


these 
the 


process W hich satisfied 


most adequately was 


benzol washing method. 
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The benzol washing method is a ey- 
liquid chemical extraction 


whereby phenol is absorbed from solu- 


and 


tion by a solvent which subsequently is 
treated chemically for the extraction 
of phenol and then 
further absorption. 


for 
As applied to by- 
produet coke oven plants the effluent 
requiring treatment 


is recycled 


final dis- 
posal is weak ammonia liquor, which in 
addition to phenol, 
variable quantities of ammonia, hydro- 
and other 
light 


used 


before 


containing has 
gen sulfide, carbon dioxide, 
acidie Coke 
its benzol derivative 


constituents. oven 


oil or is as 


the solvent for adsorption of phenol, 
and caustic soda solution is universally 
used in the chemical extraction step. 
The reaction taking place in the final 
stage of phenol extraction results in the 
formation of sodium phenolate; some- 
times further treatment of this product 
is undertaken to reduce transportation 


costs in delivery to the refiner. 


Design Considerations 


The basic mechanies to be considered 
in the design of equipment for this 
process comprise countercurrent fluid 
flow, suitable means to afford intimate 
contact between the two fluids, and suf- 
ficient contact time for absorption and 
reaction. 
applied 


These factors are normally 
in one or more 
of 
Wherein the light oil flows vertically 
upward and countercurrently to the 
downward flow of the phenolized weak 
liquor. The phenolized light oil thence 
through 


washers, 


absorption 


stages, consisting closed vessels, 


series-connected 
of 


vessels containing static beds of caustic 


passes two 


caustie consisting closed 


ik 
< 
ted at tI 
ip 
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soda solution, wherein it is stripped of 
phenol. In the past, several installa- 
tions have been made incorporating 
these essential features with varying 
degrees of suecess, and at the time of 
the Ironton design it was determined 
that the factor having the greatest in- 
fluence in obtaining maximum removal 
efficiency was a high degree of liquid- 
to-liquid contact. 

The original phenol removal plant 
installed at Ironton utilized a counter- 
current spray system whereby the weak 
liquor and light oil were finely dis- 
persed through orifices drilled in dis- 
tributing spray pipes. This method 
cave excellent performance and yielded 
removal efficiencies of 90 to 95 per cent. 
In addition an auxiliary piece of equip- 
ment was introduced in the eyele to 
serub the phenolized light oil with wa- 
ter prior to the caustie extraction, the 
wash water returned to the 
phenolized weak liquor. This was a 
valuable addition, as it removed more 
than 50 per cent of the hydrogen sulfide 
and carbon dioxide taken up by the 
light oil in passing through the weak 
liquor. In this manner a reduction of 
caustic soda consumption was effected, 
thereby substantially the 
economy of the process. 

At a later date, in an effort to reduce 
capital investment, a phenol removal 
plant was designed and installed for an 
Indiana by-product coke plant, effect- 
ing intimate contact in the absorption 
stage by mechanical mixing of the weak 
liquor and light oil in centrifugal 
pumps and then permitting the two 
fluids to separate by gravity differential 
in two vertical decanters. It was found 
that, in addition to reducing installa- 
tion costs, this method provided more 
uniform fluid contact and resulted in 
improved removal efficiencies. 

In 1941 the Ironton coke plant ex- 
panded its coal carbonizing capacity 
and in conjunction therewith installed 
new phenol removal facilities. It was 
designed in with the ex- 
perience obtained from the Indiana in- 


being 


improving 


accordance 
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stallation and utilized the mechanical 
mixing and gravity decantation con- 
cept. This installation successfully de- 
phenolized raw weak liquor from an 
initial concentration varying between 
0.8 and 2.0 g/l to an outlet conecentra- 
tion consistently between 0.1 and 0.04 
g/l (usually averaging 0.06 g/1), repre- 
senting a phenol removal efficiency of 
95 to 98 per cent. 

The phenol removal plant at Lronton 
consists of the following equipment: 


2 weak liquor-light oil decanters, con- 
nected for series operation and 
termed as primary and secondary 
units 


1 sulfur serubber 

light oil-caustic washers, connected 

for series operation 

1 light oil circulation tank 

5 motor-driven centrifugal pumps 

2 combination sodium phenolate ¢con- 
centrators and springers 

1 caustie storage tank 

1 waste layer scrubber 

1 tar acid decanter 

1 tar acid storage tank 

general 


~ 


service, 


horizontal, 
driven duplex pumps 


steam- 


Two Operation Phases 


The operation at Ironton may be con- 
sidered as progressing in two separate 
phases : first, the absorption and extrae- 
tion of phenol as dilute sodium pheno- 
late; and the conversion of 
sodium phenolate to tar acid. 


second, 


Extraction Phase 


The process cycle comprising the first 
phase is as follows: 


As discussed earlier, the flow of weak 
liquor and light oil through the phenol 
absorpton equipment is strictly coun- 
tercurrent. Raw weak liquor, which 
has been previously permitted to settle 
for separation of contaminating tarry 
materials, is combined with light oil 
flowing from the secondary weak liquor- 
light oil decanter, mixed in the first 
centrifugal pump, and discharged into 
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the primary decanter, where the mix 
ture separates into an upper layer of 
oil and a bottom layer of liquor. This 
operation is immediately repeated in 
the secondary decanter; oil flowing 
from the circulaton tank is combined 
with the liquor overflow from the pri- 
mary decanter, mixed in the second cen- 
trifugal pump, and permitted to decant 
in the secondary unit. The dephenol- 
ized liquor is withdrawn from the see- 
ondary decanter and pumped to stor- 
age. The phenolized oil flowing from 
the primary decanter is pumped to the 
sulfur scrubber, where it is sprayed 
through a fresh-water bath for removal 
of approximately 50— to 60-per cent 
hydrogen sulfide and a proportionate 
amount of carbon dioxide, cyanide, and 
chloride constituents dissolved in the 
oil and contained in any entrained 
weak liquor. The incoming weak liquor 
and light oil flows are governed by eon- 
trollers and maintained in the ratio of 
approximately 114 oil to 1 of liquor. 
In both decanters the light oil overflows 
directly from the units through a weir 
box arrangement, and the weak liquor 
is withdrawn through adjustable over 
flows set to maintain a definite height 
of oil and liquor interface. In all 


lows to the mixing 


cases, the fluid f 
pumps are regulated by means of surge 
tanks, equipped with float controls, to 
maintain uniformity of flow. 

The phenolized light oil leaving the 
sulfur scrubber flows by gravity through 
the two series-connected caustie wash- 
ers, Where, by reaction with the caustic 
soda, the phenol is extracted in the 
form of dilute sodium phenolate. The 
light oil enters the bottom of the first 
washer and is sprayed through a statie 
layer of dilute caustic soda solution by 
means of distributing pipes having 
drilled orifices. The oil passes slowly 
upward, overflows from the upper por- 
tion of the unit, enters the second 
washer for treatment similar to that in 
the first unit, and leaves the second 
stage practically free from phenol. The 
oil then flows by gravity to the light 
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oil circulation tank, which serves the 
two-fold purpose of a reservoir for re- 
eveling the light oil to the secondary 
phenol absorption stage and a settling 
tank for any entrained eaustic. To 
maintain a clean stream of light oil, the 
coke plant production of light oil is 
continuously introduced into this tank, 
and an equivalent amount is withdrawn 
from the system for return to storage. 

The operation of the light oil-caustie 
washers is a reversible batch cyele; the 
units are periodically interchanged in 
position as often as the caustic soda is 
depleted in the first stage, which oeeurs 
approximately every 12 to 14 days. At 
this time the oil flow through the first 
caustic washer temporarily  sus- 
pended and the sodium phenolate solu- 
tion is drained to a concentrator while 
the second caustic washer is continued 
in operation. Following draining the 
washer is recharged with a fresh caustic 
solution and returned to service. How- 
ever, it is placed second in position, 
the other unit. with the partially spent 
caustic assuming the first position in 
the series arrangement. When a unit 
is recharged, it is filled with approx- 
imately 10,000 gal of aqueous eaustie 
soda solution (250 ¢/1), equivalent to a 
\-ft layer of fluid. At the end of the 
reaction period this charge has ex- 
panded to twice its original volume, 
producing 20,000 gal of dilute sodium 
phenolate solution. 


Re cover y Phase 


The second phase, or recovery of SO- 
dium phenolate as tar acid, is as fol- 
lows: 

Sodium phenolate as drained from 
the first caustic washer has a eoncen- 
tration in the range of 18 to 25 per 
cent. This material is charged to a 
coneentrator for processing and neu- 
tralization with acidie gases to form 80- 
per cent tar acids. The charge is first 
heated with indirect steam to recover 
any entrained light oil, and is then 
treated with a current of direct high- 
pressure steam in order to remove final 


/ 

ve 
4 

: 


traces of oil and naphthalenes that may 
have been oecluded. The sodium phe- 
nolate is cooled to a temperature of 40 
to 45°C and neutralized by a stream of 
acidie gases blown through the batch. 
The acidie gases are available from sub- 
sequent distillation of the dephenolized 
weak liquor, and consist principally 
of hydrogen sulfide and carbon dioxide. 
During this process the phenol is liber- 
ated, and the sodium combines with the 
gaseous acids to form sodium carbonate, 
sodium bicarbonate, and sodium sulfide, 
which remain in solution as a residual 
or waste liquor layer below the sprung 
tar acid. After a suitable interval of 
settling, the tar acid is pumped to a 
decanter and the waste layer to a 
scrubber. 

The tar acid is permitted to settle 
further in the decanter to assure re- 
moval of any residual waste layer, and 
then is purified by a final treatment 
with acid gases, followed by aeration to 
dispel retained hydrogen sulfide. Sub- 
sequent to a final settling period the 
tar acid is pumped to storage ready for 
shipment. 

The waste layer pumped to the waste 
layer scrubber is treated with light oil 
for absorption of phenol not completely 
liberated in the neutralization step. 
The amount retained is usually 20 to 
25 e@/l, the oil extraction reducing this 
quantity to 1 g/l. The phenolized light 
oil accumulated in this secondary op- 
eration is pumped to the ecaustie wash- 
ers for recovery of the phenol. The 
dephenolized waste layer is then uti- 
lized as a primary process material in 
a separate operation in the coke plant 
by-product recovery equipment. 

The recovery phase of tar acids de- 
scribed is a reasonably efficient process, 
92 to 95 per cent of the phenol in the 
sodium phenolate being recovered by 
the springing, and 90 per cent of the 
remainder being recovered by washing 
the waste layer with light oil. 

Throughout the various stages of the 
process as operated at Lronton, loss of 
light oil used in the cycle is practically 
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non-existent. Each piece of equipment 
containing light oil is vented back to 
the suction gas main. Hence, any es- 
caping vapors are diverted to the main 
gas stream and recovered along with 
the regular production oil. Light oil 
entrained in the dephenolized weak 
liquor is reeovered periodically by 
pumping off the accumlated layer float- 
ing on the stored liquor. Light oil dis- 
solved in the dephenolized weak liquor 
is recovered during the treatment of 
the liquor in the ammonia concentra- 
tion operation. 


Decanters vs. Towers 


In 1945 when new facilities were de- 
signed for the extension of the National 
Tube Company’s coke plant at Lorain, 
Ohio, the existing phenol removal plant 
was studied closely. It appeared that 
the type of installation then in opera- 
tion possessed definite economic merits. 
The study also provided the opportu- 
nity for designing another type of light 
oil absorption phenol removal plant 
whereby further reduction in capital 
investment could be obtained without 
sacrifice in removal efficiency and oper- 
ating costs. Proceeding with the exist- 
ing Lorain phenol plant as a basis the 
plant was designed and installed and 
now is in operation at Lorain. The es- 
sential difference between the Lorain 
and Ironton installations, apart from 
the final treatment and handling of the 
sodium phenolate, is in the substitution 
of a single packed tower in place of the 
mixing pump and decanter arrange- 
ment used for the absorption of phenol. 
Results in elimination have shown that 
the efficiencies obtained in these instal- 
lations do not differ due to different 
methods of contacting phenolized weak 
liquor and light oil. 

Since this installation in 1945, phenol 
removal plants of identical design have 
been installed in other coke plants, the 
most recent ones during the early 
1950’s being at U. S. Steel’s Fairless 
Works, Armco Steel’s new plant at 
Middletown, Ohio, and Great Lake 
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FIGURE 1.—Phenol extraction plant at Weirton. 


Steel’s Zug Island plant. Removal effi- 
ciences in all these plants are within 
the 97- to 99-per cent range, and in 
some cases above this value, depending 
on quantity of phenol in the raw am- 
monia liquor. 


Extraction with Centrifugal 
Extractors 


In 1954 a complete pilot unit utiliz- 
ing a specially designed centrifugal ex- 


tractor * was used to dephenolize ¢con- 
tinuously actual production ammonia 
liquor with light oil. 

The results obtained in the pilot op- 
eration extremely encouraging, 
and it was decided that this type plant 
would be developed for a commercial 


were 


size operation. A plant was completed 
* Developed by the Podbielniak Corporation 
for another industry and designed for liquid 
liquid extractious. 


FIGURE 2.—Interior of extractor building, with the two extractors and the 
control board in foreground. 
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in the last days of 1956 for the Weirton 
Steel of National 
Steel Corporation and had a capacity 
to handle 200,000 gal of weak ammonia 
liquor per day. 

An exterior of this plant is 
shown in Figure 1. The building 
houses the two centrifugal extractors, 
pumps, process control board, and elee- 
trical Outside the phe- 
nolized and dephenolized liquor tanks, 
caustic and earbolate storage tanks, and 
the ammonia liquor coolers. 

This is a type of instatlation that 
lends itself readily to good housekeep- 
ing and easy maintenance. 

Figure 2 shows the interior of the 
extractor building. the ecen- 
trifugal extractors for handling this 
substantial volume of liquor presents a 
striking contrast to the tall large-di- 
ameter towers required in the static- 
type plant. 

Much of the information concerning 
the centrifugal extractors is available 
in the literature; hence, their internal 
construction will not be explained in 
detail. is interesting to 
compare the rotor with a perforated- 
plate column; the centrifugal econ- 
tractor is quite similar in that the 
plates of the columns are wrapped 
around a shaft and as to 
develop a centrifugal foree field, which 
is approximately 2,000 times that avail- 
able in the gravitational column. 

The process is shown diagrammati- 
eally in Figure 3. The raw ammonia 
liquor previously freed of tar is pumped 
from the storage tank @) and enters 


Company Division 


view 


room. are 


Use of 


However, it 


rotated so 
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FIGURE 3.—Flow chart of centrifugal dephenolizing process. 
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the centrifugal extractor (2) where it 
flows continuously in a countercurrent 
manner to dephenolized light oil from 
oil pump tank @. The dephenolized 
ammonia liquor then leaves the ex- 
tractor (@) and is stored, or handled, 
through storage tank (©) for sub- 
sequent treatment in the coke plant. 
The action that takes place in the ex- 
tractor is one of continuous, counter- 
current mixing and separation of two 
liquid phases in the elements of the 
spinning rotor. Owing to the absorp- 
tive properties of light oil for phenol, 
the phenolic compounds are removed 
from the ammonia liquor during the 
intimate contact taking place in the 
extractor. 

The phenolized oil after passing 
countercurrently to the ammonia liquor 
flows to oil pump tank G), from which 
it is pumped to the centrifugal reactor 
() (a machine of substantially the 
same characteristics as the extractor), 
and flows countercurrent to a caustic 
solution pumped from mixing tank 
8). This solution and _ phenolized 
light oil are subjected to the same ae- 
tion as described for the extractor, 
whereby the caustic reacts with the 
phenol, forming sodium earbolate, 
which flows from centrifugal reactor 
(6) and is stored in tank (@) prepara- 
tory to shipping. The dephenolized 
light oil flows to oil pump tank @ 
and is reeyeled for phenol removal, 
thus completing the eyele. 

In the extractors liquids must be 
transmitted from the stationary piping 
to the rotating element by means of hy- 
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FIGURE 4.—Extractor drives of gyrol fluid type have infinite speed range 
from zero to motor speed, with power transmitted to extractor rotor by static- 
free belts. 


draulically balanced mechanical seals. speed range from zero to motor speed. 

Each rotating element is construeted of The extractor unit operates at 1,750 

Type-316 stainless steel and is mounted rpm and the reactor unit operates at 

on heavy-duty roller bearings. about 1,500 rpm. Power is transmitted 
Figure 4 shows the manner in which from these drives to the rotor by statie- 

the rotors are driven. These are gyrol free belts. 

fluid drives, which provide an infinite Figure 5 shows the flow of liquids 
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FIGURE 5.—Liquid flow through extractor unit. 
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FIGURE 6.—Liquid flow through reactor unit. 


the extractor unit. Within 
the spinning rotor, contact and phase 
separation are effected continuously 
and countercurrently by the contact 
elements. Liquids are pumped into 
the rotor through two sets of distribu- 
tion manifolds, one near the center, the 
other near the outer diameter of the 
rotor. The light oil phase is pumped 
to the outer manifold and the heavy 
ammonia liquor phase is pumped to the 
inner manifold. In the high een- 
trifugal field the heavy phase moves 


through 


outward, displacing the light phase 
toward the eenter of the rotor. In 
this manner, countereurrent flow is 


achieved. 

The liquids pass through contacting 
elements in the region to bring 
intimate mixing; phase separa- 
tion oecurs between the elements, and 
efficient extraction results. 


flow 
about 


Quiet zones at the outer diameter, 
and at the center of the rotor, produce 
clarified effluents. 

Centrifugal the range of 
2,000 times gravity insures positive 
multistage mixing of the two phases. 

Retention time of the liquids within 
the rotor is approximately 45 see. 

Figure 6 shows the flow of liquids 
through the reactor unit. Within this 


foree in 


rotor oil and caustic flow ratios are in 
the order of 150 to 1. Therefore, for 
efficient dephenolization 150 gal of light 
oil must be intimately contacted with 
1 gal of caustie solution. 

This contact is enhanced by one of 
the more important operating charae- 
teristics of the machine, whereby the 
main interface is controlled by back- 
pressure regulation. 

The back-pressure control valve 
shown in Figure 6 acts to restrict the 
light liquid out phase. By variation 
of this restriction, the relative volumes 
of each phase held within the rotor or 
the main interface can be controlled 
and maintained independent of the 
actual flow ratios. 

In this unit it is desirable to keep 
the rotor almost filled with the caustic 
phase. This is accomplished by main- 
taining a minimum back-vressure set- 
ting. 

In the extractor unit a high back- 
pressure is maintained so that a rela- 
tively large volume of light oil is avail- 
able for contact with a smaller volume 
of liquor. 

Essentially, the plant is automated 
to such a degree that full-time operat- 
ing attendance is not required, 
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TABLE I. 


Phenolized Dephenolized Retr al Phenolized 
liquor yuo Efi Oil 


2,520 


* As NaOH. 
t Wet. 


Control 


Complete laboratory analysis for 
phenol values of all plant flows is per- 
formed daily from composite samples. 
From this information, the plant op- 
erator can adjust the liquor feed with 
respect to caustic used on a pound-of- 
caustie-per-pound-entering-phenol basis 
and maintain liquor feed rate with re- 
speet to production rate. 

Both contactors are operated on a 
basis of maximum holdup of the mate- 
rial doing the extracting 
of the extractor, the light 
back-pressure is adjusted to a point 


In the ease 
liquid out 


just below spill or flooding of oil with 
liquor out. This assures maximum sol- 
vent holdup in the the 
ease of the reactor, the light liquid out 


machine. In 


back-pressure is adjusted to a point 
just below spill of carbolate with sol 
vent out. 
tie holdup in the machine. 

The 


solvent recycle is adjusted generally on 


This assures maximum caus- 


ratio of solvent to liquor and 


the basis of maximum removal effi- 
TABLE II.—Process, Utility, and 
Labor Requirements 
Iter ( I 
1. Caustic l 
». Electric powe W 
Steam neentration 
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4. Water Ss s require 
water 
weak liquor 
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5, Air Ins ent " 
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Typical Process Data for Phenol Plant Operation 


Carbolate 


Tot. Alk.* Tar Acid 
g/l) Content t 


2 


36 


ciency. In a ease where the liquor 
production is low, the solvent-to-liquor 
ratio is increased to provide improved 
performance by maximum throughput. 

The average phenol content of raw 
or untreated liquor is approximately 
3.000 mg/l. Following treatment, this 
phenol value was reduced to about 35 
mg/l. Caleulation of 
nated shows an over-all efficiency of ap- 


phenol elimi- 


proximately 98.8 per cent. Caustic 
consumption is maintained at 1 lb of 


caustic per pound of entering phenol. 


Typical Process Values 


Of interest are the various values in 
Table I, particularly the 
strength; this is actual production con- 


carbolate 
centration without evaporation. 


Process, Utility, and Labor Re quire- 


ments 


Table II gives the various operating 
requirements, comprising caustic, elec- 
tric power, steam, water, and air. The 
direct 
one man per shift, with the plant lab 
oratory performing the various phenol 


labor requirements amount to 


determinations as part of its routine. 
Item 7 in the table is an attempt to 
specify anticipated maintenance, and is 
based on experience to date. 

In connection with the various proc- 
ess requirements, it should be noted 
that the solvent holdup for the entire 


system, comprising extractors, pump 
tanks, piping, ete., is less than 1,000 
gal. This volume is less than 2 per 


eent of the total solvent holdup (65.000 
gal) required for a statie-type plant of 


comparable liquor handling capacity 


Oi 
é Oil 
36 98.6 1,860 52 1.3/1.0 240 = 
: 
> 
j 
‘ 
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and efficiency, a rather startling com- 
parison, 

The solvent, or light oil, loss in this 
type of dephenolization plant is prac- 
tically negligible; the principal points 
of loss being the small amount from 
the pump tank vents and any pump 
packing leakage. The solvent dissolved 
in the dephenolized liquor is returned 
to the gas stream following distillation 
in the ammonia still. 


Second Installation 


A second installation of this type, 
completed for the Harriet plant of 
Semet-Solvay Division, has a capacity 
somewhat greater than the Weirton in- 
stallation (approx. 250,000 gpd) and 
incorporates all the improvements de- 
veloped at Weirton. This plant has 
been in continuous operation since it 
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was placed in operation during the 
latter part of 1958. 

In addition this plant is equipped 
with facilities for conversion of the 
sodium phenolate to tar acid, similar to 
the installation at the Lronton plant. 
However, improvements in design have 
been developed to permit this portion 
of the process to operate continuously 
rather than by batch system as at Lron- 
ton. Principal advantages of a con- 
tinuous vs. batch operation are redue- 
tion in equipment size and reduction 
in operating attendance. Therefore, 
the entire operation at the Harriet 
plant is on a continuous basis. 

From an initial phenol content of 
800 to 1,000 mg/l], elimination to values 
as low as 20 to 25 mg/l have been ob- 
served at this plant while producing a 
crude wet tar acid of 80 to 85 per cent 
strength. 


Milwaukee, Wis. 
Hotel Schroeder 
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TRICKLING FILTER TREATMENT OF 


William T. Ingram 


During the fall of 1957 and the early 
summer of 1958 a small pilot plant size 
trickling filter was operated at the site 
of the Dutch Hollow Foods Company 
at Honeoye Falls, N. Y., in order to 
find out if deep filtration could be 
utilized in the treatment of relatively 
strong whey-bearing wastes 

This discussion provides information 
on the milk processing plant and _ its 
operations, the wastes and their char 
acteristics, the pilot plant and _ its 
features, the obtained during 
the experimental periods, and a state- 


results 


ment concerning the treatability of the 


wastes by the method of controlled 


filtration (1) (2 


Company Plant 


The Dutch Hollow Foods (¢ ‘ompany is 
located on a bank of Honeoye Falls 
Creek in the Village of Honeoye Falls, 
sewer system which collects, in addition 
two 
milk processing plants and the seasonal 


The village has a community 


to domestic wastes, the wastes of 
wastes of a food canning plant. 
The village operates a sewage treat- 
ment plant comprising a primary set- 
tler with provision for the addition of 
chemicals, a digester, 
tion unit. 
stream flow the New 
Pollution 
complaints of 
Honeoye Falls Creek. 


and a chlorina- 
During the low 
York State Water 


Board 


season of 


Control has received 


nuisance conditions in 


William T. Ingram is Adjunct Professor at 
New York Unive Colle if Ena ring, 
New York, N. Y. 

The paper was presented at the 32nd An 
nual Meeting of the New Yo S 1 and 
Industrial Wastes Association in New York, 


Jan. 20-22, 19¢ 


~ wy 
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The trunk sewer of the village system 
passes through the property of the milk 
plant and there are two sewer connec- 
tions from the plant. One line earries 
process wastes plus sanitary wastes of 
the plant, while the other carries floor 
drainage and sanitary wastes. Figure 
1 shows the building drainage diagram. 


Plant Ope rations 


The plant is in operation 23 hr a day 
The 


work 


on either a 6- or 7-day week. 


and assistant 
from midnight to 8 AM; 
bulk of the 
done from 7:30 am to 3:30 pM. Cleanup 
4 to 1l pm. Office hours 
are from 8 am to 5 pM. 


cheesemaker 
however, the 
plant manufacturing is 


follow Ss from 


The manufacturing operations at the 
plant butter, 
curd, cottage cheese finished, plain 
densed milk, ice mix, cultured 
buttermilk, milk shake mix, and sweet- 


inelude: cottage cheese 


cream 


ened condensed milk. 

Cheese operations are fairly constant 
throughout the year. pan 
runs on a full day schedule during the 
spring months and part-time the bal- 


Condenser 


ance of the year. Butter is manufac- 
tured 


there is continuing lesser production in 


during the spring period and 


other seasons. Ice cream mix and e¢ul- 
tured buttermilk operations are high 
during hot weather and low during eold 
weather. 


The season variation is generally re- 


flected in the milk receipts. The 
monthly averages expressed in per- 
centage of the annual average are 


shown in Table I. For the year May 
1957 to April 1958 the equivalent whole 
milk receipts at the plant have been 


estimated at 25,808,200 Ib, or 2.150.680 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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+ 


Vol. 33, No. 8 WHEY WASTES 845 
2 
=> Mix 
» Milk Cheese Cooler 
Receiving 
Butter Cream Cooler 
Receiving 
8 Butter 
Cooler 
Cheese 
Posteurizer 
Cream Vots Shipping 2 
Room 
Elevator 
Cheese Starter 
Vats Room 
<1l> ao 
+ — 
Work Shop | Sump Furnishing Wastes = eH 8 
Ql~ Experimental Filter 
Ory [Storage 
Small 
Boiler Condensing 
Mix 
Boiler Sugor 
Room Tanks 
Cream 
Cooler 
| 
Main Village 
Sewer 


FIGURE 1.—Processing and drainage plan for Dutch Hollow Foods, Inc., 
Honeoye Falls, N. Y. Domestic sewage from employees’ rest rooms and showers 
indicated by (1). Domestic sewage from upstairs office indicated by (2). 


4 Ib/month. The seasonal high for May, tion. Cottage cheese and ice cream mix 
June, and July 1957 was 3,187,370 Ib/ are the major products with an average 
month, or 34,640 Ib/day. The seasonal monthly production of 182,200 lb of 
low for November and December 1957 _ finished eottage cheese and 469,300 lb 
and January 1958 averaged 1,465,700 of mix. 


lb ‘month, or 15,930 Ib/day. The sea- The relationship of the several proe- 
sonal maximum was more than twice’ essing operations and the sources of 
ue the seasonal minimum. processing waste is shown in Figure 2. 


The monthly distribution of manu- All whole milk and skim milk is pas- 

facturing emphasis is shown in Table teurized. The whole milk is separated 

Il. For each of the products the and the skim is used in cottage cheese 
and monthly production is expressed as a manufacture. The cream is later used 
percentage of the total annual produe- to cream the cheese and in ice cream 


on 
Se 
oN 
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TABLE I.—Milk Receipts 


Ratio of Monthly Receipts to Annual 


Ionthly Average 


Date 


1957 

May 1.50 1.59 1.61 1.31 
June 1.52 1.73 1.71 1.18 
July 1.42 1.21 1.44 1.54 
Aug. 1.14 0.97 0.95 1.43 
Sept. 0.74 0.71 0.66 0.83 
Oct. 0.71 0.73 0.62 0.77 
Nov. 0.63 0.82 0.52 0.64 
Dec. 0.72 0.71 0.58 O.86 
1058 

Jan. 0.69 0.93 0.64 0.57 
Feb. 0.68 0.68 0.67 0.69 
Mar. 0.99 0.76 1.15 0.99 
Apr. 1.25 1.17 1.43 1.12 


mix together with skim milk, plain con- 
The 
mix is pasteurized and canned for ship 
ment. 

Skim milk is also used in condensed 
milk 
production, 


densed skim, sugar, and stabilizer. 


manufacture and in buttermilk 


TABLE II. 


Date 


1957 


May 13.7 10.0 10.0 
June 14.3 10.0 10.2 
July 8.7 9.4 9.5 
Aug. 5.1 8.3 8.4 
Sept. 3.4 7 7 
Oct. 1.2 7.0 7.5 
Nov. 2 7 7 } 7.4 
Dec. 2.6 6.8 6.9 


1958 


Jan. 6.8 7.6 
Feb. 7.0 7.2 7.1 
Mar. 15.3 8.8 8.7 
Apr. 16.3 9.3 9.4 
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Distribution of Products 


Plain 
Cond 


* Production based on pounds of finished product. 
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Manufacturing cream is used in but- 
ter manufacture. The buttermilk from 
this process is stored and used for ani- 
mal feed. 


Water Use 


At one time the plant purchased wa- 
ter from the village of Honeoye Falls. 
The metered water record for 1953-54 
showed a total annual purchase of 
15.198 mil gal, or 41,600 gpd. The eom- 
pany also had a well furnishing addi- 
tional water for cooling purposes. The 
water demand 
from 30 to 60 gpm, depending 
on production. Thus the daily water 
demand rate might be $3,200 to 
86,400 gal. Actual daily use has been 
estimated to range between 25,300 and 
56.700 gpd. 

Equipment washing may take up to 
6,800 gpd; can washing may require 
500 to 1,900 gpd. 
eurd require up to 1,600 
gal per vat of cheese. 


has been estimated to 


range 


from 


from Rinses of 


cheese may 
Boilers require 
3,000 gpd and vacuum pans require up 
to 11,400 gpd when operating. Sani- 
tary requirements are estimated at 600 


to 800 gpd. The water supply is now 


Per Cent of Annual Production * 


Sweetened 


Ice Crear Cultured Milk ( i 
Mix Buttermilk) Shake Milk 


17.9 11.2 11.2 0 61.6 
16.1 16.0 11.4 0 0 
14.2 16.5 13.4 0 0 
10.2 14.6 12.8 29.2 0 
7.9 11.8 0 0 
3.9 5.6 6.6 10.4 0 
3.9 1.2 Ls 9.6 0 
6.7 5.4 5.9 7.6 0 


5.4 2.5 5.4 7.6 0 
3.6 2.1 5.4 1S 38.4 
5.5 5.4 6.0 13.4 0 
11.7 8.7 b.3 17.3 0 


= 
\ 
Fotal Equis Whole Skim 
3 
# 
: 
Cottage Cottage 
Butter Cheese Cheese 
Curd Finished 
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obtained primarily from two wells on 
the plant premises. 


Sources of Waste 


Wastes develop from the several proc- 
esses Figure 2. On a 
typical operating day the various or- 
vanie wastes, including sanitary wastes, 
may total about 18,000 gal discharged 
to sewer. 


as shown in 


Whey, buttermilk and first washings, 
and cheese spills are collected in tanks 
and containers for use as animal feed. 
Cottage cheese whey amounts to 4,920 
lb/vat. The volume of cheese whey is 
about 2,900 gpd. 

Cooling waters and waters are 
These with 
floor washings account for the balance 
of wastewaters. It was not possible to 


pan 
discharged to the sewers. 


Pasteuriser 


Separator 
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obtain a reliable estimate of the total 
wastewater volume, but it is estimated 
at 22,000 to 44,000 gpd. 

Some estimates of waste volume by 
source were obtained. Equipment 
washing accounts for about 7,000 gpd; 
can washing produces from 500 to 2,000 


gpd. Cottage cheese rinses produce 
from 6,000 to 9,000 gpd. Sanitary 


wastes amount to 600 to 800 gpd. 


Experimental Unit 


An experimental unit taking whey- 
bearing waste from the plant and pass- 
ing it through a holding tank and a 
deep trickling filter was constructed on 
the plant premises. The unit was lo- 
cated at the rear of the plant so that 
treated waste could be returned to the 
village sewer. 


§ 
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FIGURE 2.—Milk processing flow chart. 
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FIGURE 3.—Controlled filtration side elevation. 


Design and Construction 


Raw wastes are pumped from a small 
sump built into the drain from cottage 
cheese processing operations (see Fig- 
ure 1). This pump discharged into 
3,400-gal wooden tank normally used 
for whey holding and converted for use 
as a holding tank for raw waste. <A 
float control on the tank was set to al- 
low pumping of raw waste at frequent 
intervals. However, the pump also 


had a manual control switch inside the 
building. An operational feature of 
interest was that it was not unusual to 
find this switch off and the holding 
tank pumped down. Presumably plant 
operators would cut the switch when 
the plant drain was dry and then fail 
to put it on when operations started. 
The experimental unit is a trickling 
filter shown schematically in Figure 3. 
The unit comprises two identical eol- 


: 
i 
|| il 
| | 
| 
uy 
ag 
—) 
| } 
UP 


umns built sectionally out of 2-ft ID 
asbestos-cement. Each of four sections, 
3 ft in length, is supported in a Y%-in. 
steel grate which is in turn supported 
by a steel framework having four eol- 
umns and both vertical and lateral brae- 
ing. The asbestos-cement pipe sections 
collar arrangement 
airtight around the 
pipe but permitting free flow of liquids 
within the pipe. A pot equipped with 
a trap is located at the bottom of each 
column to collect filter water thus as- 
suring that admitted air flows upward 
in the filter. 

Each is filled with stone of 
nominal 21% in. size taken from bank- 
run water-washed gravel. Depth of 
stone in each section is 2 ft-5 in. The 
nominal depth of stone in each column 
is taken as 10 ft. As an experimental 
variant the top section of Column 1 


are joined by a 


making an seal 


section 
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was filled with 2-in. 1D asbestos-cement 
pipe eut in 2-in. lengths. 

The plant was designed so that plant 
wastes could be applied to the top of 
Column 1. No. 1 effluent passed to a 
small sump. The liquid in Sump No. 1 
could be pumped and distributed to 
both Column 1 and Column 2 and the 
effluent from Column 2 passed to Sump 
No. 2. Sump No. 2 was piped so that 
flow returned to Sump No. 1 continu- 
ously and the overflow over a small V- 
notch weir was earried to discharge 
into the village sewer. In this arrange- 
ment the final discharge was always 
equal to initial input of untreated 
waste and if there was an interruption 
of input flow, the filters were kept wet 
by recirculation of liquid from Sump 
No. 1. 

As operated, raw waste and recireu- 
lated waste were applied to the top of 
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FIGURE 4.—Plan view of filter unit. 
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Summary of Analyses from 24 Days of Plant-Waste Sampling During 


October, November, and December 1957 


It BOD 
em 


Max 
Min 
Avg 


Column 1 through separate nozzles, ap- 
plying a spray pattern over the top 
surface. Recirculated waste only com- 
prising a mixture of filtered material 
from both Column 1 and Column 2 was 
applied to the top of Column 2. The 
rates of flow and the combinations of 
raw waste and filtered 
varied during the experiments. Wastes 
were pumped with two centrifugal 
pumps rated at 15 gpm each. Figure 
4 shows a plan view of the unit with 
both liquid and air piping. 

Air was supplied by a 50-efm ecen- 
trifugal blower through a common 
manifold with the 
filter column at the bottom of each filter 
section. Air introduced at the bottom 
of Section 4 passed upward furnishing 
oxygen to the liquid flow passing down- 
ward. In the 1957 experimental work 
the air-sewage ratio was held at 2.5 eu 
ft air/gallon of liquid applied. Air 
ratios varied during the 1958 
study. In the original setup individual 
air flow meters were installed to con- 
trol the sectional air flow. A master 
meter controlled the total quantity of 


water were 


connections into 


were 


TABLE IV.—Summary of Filter Performance 
During October, November, and 
December 1957 


BOD 


850 870 | 550 | 264 
280 27 126 56 86 


546 Y2 117 | 175 | 152 


Raw Waste Loading 
Settled 
Solids 


mi, lb, day 1,000 


cu ft 


gpd /sq ft 


4,821 2,875 
2,295 671 


3,853 1,829 


air. The sectional meters gave a great 
deal of trouble and 
pended on for fine measurement. 

The cost of the pilot unit excluding 
the holding tank was about $4,000. At 
a nominal design capacity of 5 gpm the 


eould not be de- 


experimental unit construction cost was 
$.55 per gallon daily capacity. 
Difficulties of keeping the unit on a 
controlled operations basis were many. 
Clogging of spray nozzles was constant 
with larger particles of cottage cheese 
curd, matches, and the 
like. The more of the 
characteristics of treatment 
plant operation than of a controlled 
experiment. 


fibers, 
had 


regular 


broom 


studies 


However, it is also noted 
that because of the operating difficulties 
interesting 
tained. It can be said with assurance 
that the filter unit was subjected to 
every possible adverse condition during 
these tests. 


some information was ob- 


1957 Study 


The general pattern of the 1957 study 
was as follows: 

1. Add raw waste to Column 1. 

2. Add water from Sump No. 1 (mix- 
ture of filtered water from Columns 1 
and 2) equal to 14 volume of raw waste 
to Column 1. 

3. Add water from Sump No. 1 equal 
to total applied on Column 1 to Column 
9 


4. Waste to sewer a volume of Filter 
2 effluent equal to raw waste input. 


A typical illustration would be: (a) 
Step 1, volume raw waste =8 gpm; 
(b) Step 2, volume recirculated waste 


850 
> 
BP. | 3332 0 70 6.0 0.1 5.0 | 
re 18.0 0 528 6.2 0.8 8.4 | 
seh: 
AR 
: 
i 
BOD (mg/l 
Removal 
Appl Col. Col. 1, Col. 2) Effi 
Col. 1 1&2 
- 
in| 
if Min 19.2 
Avg 12.2 
| 
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4 gpm; total applied Column 1 = 12 
gpm; effluent Column 1 = 12 gpm; (c) 
Step 3, Column 2 volume recirculated 
waste = 12 gpm; effluent Column 2 = 
12 gpm; return to Sump No. 2=4 
gpm; and (d) Step 4, waste to sewer = 
8 gpm. 

Table IIL includes a summary of 
data from 24 days of plant waste sam- 
pling during October, November, and 
December of 1957. 

The raw waste BOD range of 70 to 
850 mg/l shows the extent of fluctua- 
tion encountered. Since all of this 
waste had been through the holding 
tank and represented a mixture of in- 
crements of plant drain flow taken at 
random, it well-rounded 
composite of the strength of the whey- 
bearing wastes discharged to the sewer 
during the sampling period. This waste 
contained very little settleable solids. 
The temperature of the applied waste 
varied from 12.2 to 24°C, 

Table LV summarizes the application 
of wastewater including recirculation 
and shows the total BOD loadings and 
performance. While there is a range 
of performance between 49- and 82-per 
cent 
moval 


represents a 


BOD removal, the averaged re- 

shown by 11 completed sam- 
plings during the fall of 1957 was 72 
per cent. The proportion of total plant 
flow treated in the pilot plant was 20 
to 25 per cent and this portion included 
some cottage cheese whey-bearing 
wastes. 

Loadings were all calculated on a 
nominal depth of 10 ft per column. 
Corresponding figures for loading based 
on total depth of 20 ft and no recireula- 
tion would be one half. 

While somewhat mis- 
leading they do suggest a general level 
of operations. 


averages are 
The 1957 operations in- 
cluded seven completed tests with re- 
circulation and four with straight line 
flow. The averages of these are shown 
in Table V. 

These data are too few for finite con- 
clusions; however, there is a general 
indication that milk wastes containing 
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TABLE _V.—Comparison of Performance for 
Recirculation and Straight Line 
Flow During 1957 


taw Waste 


Type of Flow BOD Loading BOD Removal 


Ib/ day per cent) 

1,000 cu ft 
Recirculation 1,622 70 
Straight line flow | 1,902 69 


cottage cheese rinse waters are amen- 
able to biological treatment on a con- 
trolled filter and that there is a ¢om- 
parable efficiency at extremely high 
organie loadings. 

rhere 


Was no apparent advantage 
shown in recirculation during these 
tests. BOD loadings of the same mag- 


nitude were treated about as well on 
straight-through application of wastes. 
The predominant range of raw waste 
application was between 3,900 and 4,225 
gpd/sq ft. Organic loadings were in 
the magnitude of 15 to 20 times the 
loadings used on conventional high-rate 
filters. 
parable 


On straight-through runs com- 
with conventional low rate 
filters the organic loadings were over 
100 times accepted loading rates. 

Cottage cheese production was about 
70 per cent of maximum during these 
months, hence the organic loading was 
probably due more to milk wastes than 
to whey-bearing cottage cheese rinses. 
There was no satisfactory way of de- 
termining proportions in the 
plant and this conjecture is offered only 
to point out that the wastes handled 
during this period may have had more 
treatability than would be expected 
with a high whey-bearing waste. 

Based on the results a later study 


these 


was planned when full production 
could be expected. 
1958 Study 


During the 1958 study an attempt 
was made to hold the raw waste input 
constant and to vary the recirculation 
rate. 

It was obvious that the wastes during 
June and July 1958 were markedly 
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TABLE VI.—Air-Water Ratios for 
Several Periods 


Water Flow Ratio gal 
Period 
( 1m Column 2 
May 24—June 14 l 
June 16—June 25 1.25 1.25 
June 26—July 6 1.34 1.34 
July 9-—July 24 63 94 
July 25-July 27 3.13 3.13 


stronger than those of the 1957 study. 
Apparently at peak operations more 
whey is washed to waste, and more curd 
is wasted. BOD’s on samples from the 
holding tank during the 


were at times above 1,000 me 


work week 
land even 
with weekend washings and known ad- 
ditions of the 
average raw BOD over the period was 
764 me/l (68 The 1958 
study period average BOD is 145 per 
cent of the 1957 study period average. 


relatively clean water 


sample 


A frequency distribution of 65 samples 
shows that 12 per cent were less than 
300 mg/l, while 7 per cent over 
2,000 mg/1; 73.5 per cent were between 
400 and 1,500 mg/l and the median 
level was between 600 and 700 mg/l. 


were 


Considering the air-water flow ratio 


based on actua! applied flow, air was 
supplied in ratios as shown in Table VI, 

The air supply appeared to be suf 
ficient to maintain aerobic conditions in 


the filter. 


Odors were never apparent 


TABLE VII. 


Waste 
Temp 
( 


Item” 


Raw Effi Raw Effi. Raw 


Max | 23.7 | 1.4 35). 62.1 
Min | 21.3 | 0 1.4 5.6 6.0 <1 
Avgt | 22.1 | 0.53 | 2.3 6.1 6.5 l 


' 


* Data represent 59 samples 
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Summary of Filter Performance During 1958 Test Period 
May 24 to July 21) * 


Settl. Solids 
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beyond the pilot-plant area. There was 
some odor detected on top of Column 1 
at the point of spray; however, there 
was no pronounced odor on top of 
Column 2 other than the characteristic 
musty trickling filter odor. 

With this strength of sewage the raw 
waste application organic loadings were 
high. The highest BOD loading was 
2,250 Ib/day/1,000 eu ft (in June) 
and the lowest was 207 Ib/day/1,000 
cu ft. The averaged loading for the 
entire period was 1,460 Ib day /1,000 
cu ft. 

Except for a short period 
the end of the study) raw waste ap- 
plication was held at 2,295 gpd/sq ft 
At the end 
of the run the filter was loaded briefly 
at 1,375 gpd/sq ft without recireula- 
tion. Under opera- 
tion and with the many interruptions 
of flow it was not possible in the en- 
tire period of test to be certain that the 
filter was at a point of biota stabiliza 
tion. 


3 days at 


and recirculation was used. 


the conditions of 


The filter was without flow for 
some time on each of nine days in June 
and early July. It was not until July 
that there was any indication that bio- 
logical growths were becoming effective 
in removal. 

Table VIL summarizes the filter per- 
formance. During the last four weeks 
BOD removal 
31.35 per cent with a range of 32.6 to 
47.8 per cent. 


of operation averaged 


Raw Waste Loading 


BOD 


Efficiency 
—__.| Hydraulic} (per cent) 


Eff. 


taw | 


sq ft) | 
10.9 | 952 817 18.2 | 2,295 47.8 
1.2 108 33 7.8 2,295 2.3 
12 | 661 | 499 12.6 2,295 25.2 


T Except for four days following reported test period when it was reduced to 1,375 gpd/sq ft. 


t Weighted averages. 
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There was no cottage cheese produc- 
tion on July 4, 6, 19, and 27; hence the 
wastes taken from the building sewer 
and held in the holding tank reflected 
the lessened amounts of cottage cheese 
rinse including whey. The averaged 
results of these Sundays show that with 
a raw waste BOD loading of 623 Ib/ 
day /sq ft on Column 1 the over-all ef- 
ficiency of the filter unit was 67 per 
cent. While these data are few they 
tend to support findings of the 1957 
study where the wastes were being 
treated on a reasonably well condi- 
tioned filter with removals of 52.8 to 79 
per cent on wastes having less cottage 
cheese whey-bearing rinse water. 


Physical Observations 


The physical appearance of the 
wastes offers some elue as to changes 
taking place. The material from the 
holding tank was typically milky with 
a grayish cast and appreciable odor. In 
passage through Column 1 it was evi- 
dent that agglomeration of solids oe- 
curred. A grayish white foam devel- 
oped on the sump surface. This was 
skimmed off periodically. Some of 
the coagulated materials settled rapidly 
even in the turbulence of the sump, and 
these became septic rapidly, requiring 
removal by Water flowing 
from had no objectionable 
odor, but did earry a typieal filter 
slime odor. It was much clearer than 
applied waste and at times appeared to 
show a fairly clean separation of solids 
from liquid. 

The final effluent, though opaque in 
depth, presented a reasonably clear ap- 
pearance and like the effluent of Column 
2 showed a fairly clean separation of 
solids after settling. 


siphon. 


Column 2 


One of the interesting observations 
made during the 1958 study pertained 
to the village sewage treatment plant. 
From 16 to 25 per cent of the total milk 
plant flow was being treated by the 
pilot filter. The village treatment plant 
operator stated that the solids colleeted 
in the village plant began to increase 
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immediately after the pilot filter was 
placed in operation, and continued high 
through June and July. Since there 
were no laboratory data on solids for 
the village plant available, this point 
could not be substantiated. It is ob- 
vious, however, that the removal of 30 
to 40 per cent of the BOD from 20 per 
cent of the milk plant flow represented 
a substantial reduction in BOD load- 
ing on the plant. 


Discussion 


The filter operation reduced the milk 
plant waste to strength comparable 
with the sewage flowing in the village 
lines upstream from the cheese plant 
and obviously altered some of the ob- 
jectional characteristics of the cottage 
cheese whey-bearing waste. 

Operations in the fall of 1957 were 
conducted with a filter having a high 
degree of biological activity whereas 
those in the summer of 1958 were con- 
ducted on a filter which began to show 
evidence of more pronounced activity 
in the second month of operation even 
though there were serious interruptions 
in filter flow. In the second month it 
was shown that the Sunday flow with 
a smaller proportion of whey-bearing 
wastes responded in a manner com- 
parable to that shown by the 1957 
study. It was further demonstrated 
that with an increased biological ac- 
tivity wastes containing whey-bearing 
rinses in greater proportion also re- 
sponded to treatment. 

Thus the pattern of filter potential 
is formed. There were indications in 
both studies that wastes could be 
treated efficiently without the complica- 
tion of recireulation. The principal 
requirement in either case is the main- 
tenance of an active biota. Continuous 
flow is mandatory for the best per- 
formance. Any lengthy interruption 
of filter flow disturbs the filter biota. 

The filter has shown ability to aecept 
organie loadings extreme in range and 
averaging from 6 to 10 times the load- 
ings previously accepted as allowable 
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high-rate filter loadings. Results sug- 
that 
range of 


loadings in 
160 to 690 Ib/day/sq ft 
of the 
With aver 


the magni- 


gest with 
the 
filter unit removal of about 24 
BOD may be anticipated 

age raw loadings in 
tude of 1,150 to 1,380 Ib day sq ft re- 
moval of BOD in the ranee of 35 to 40 


raw waste 


Waste 


per cent can be anticipated even under 
adverse conditions. Efficiencies up to 
70 per cent with waste loadings in 
the range of 1,610 to 1,840 lb /day /eu ft 
have filter 
when operated without serious inter 
ruption of flow 

The operation ot 
within 50 ft of the 
plant without 
that 


proximity to a milk 


raw 


been demonstrated on the 


pilot plant 


milk processing 


demonstrates 
built in 
plant and operated 
unit without diffi 
eulty and without any ground 


More 


would be required for a complete treat- 


such a ant may be 
as a pretreatment 
creat 
area requirement rround area 
ment plant since such a plant would re- 


form ot holding and sedi- 


quire some 
mentation 
hot 
unit ; 


unit to and 
solids the 
filter secondary 


sedimentation: sludge digestion: and 


remove debris 


amenable to filtration: 
some torm of 


sludge drying facili 


Conclusions 
Experience with the pilot plant and 
filter 


enumerate a number of precautionary 


research makes it possible to 


measures dealing with construction and 
operations. 

1. For year round operation the 
filter unit should be enclosed. In eold 
climates heating of enclosure air to 
maintain the unit 
freezing is di Although the 
filter with sewage 
temperatures as low as 12°C, it 


environment above 
‘sirable 
been 


has operated 


iS de- 


sirable that the 
higher. 


sewage 


temperature be 
The filter performed well at an 
average water temperature of 18°C, 

2. Ameans of maintaining 24 hr flow 
is mandatory If 
maintained 


suggested that 


the flow cannot be 


directly with sewage it is 


the filter flow be main- 
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tained by recirculating a settled effluent 
of the filter. 
substitute for 


The pilot plant used a 
settled effluent, a 
mixture of effluents from the two eol- 
umns, and it was found that results im- 


poo! 


proved when solids were removed from 
the return flow. Recireulation is not a 
mandatory requirement for treatment, 
but may be essential to maintain flow. 
3. Distribution devices must be non- 
clogging and should provide for eon- 
tinuous discharge 
face of the filter. 
pilot 
mercially 


over the entire sur- 
Nozzles used in the 
plant were adapted from 
available sprinkling 
and were easily clogged. 

$4. All debris and solids larger than 


the distribution orifice should be settled 


¢om 
heads 


or sereened or otherwise removed from 
the waste before application to the 
filter. A flow regulation holding tank 
may also serve as a settling tank and 
in either case should be provided with 
removal. 
well 
tank. If 
secondary effluent is to be used for flow 


and 
Pump suction should be 


means for sludge scum 
located 
above the bottom of such a 
maintenance, the primary tank may be 
designed as a standard primary unit 
with an appropriate surface settling 
rate (not over 1,000 gpd/sq ft 

». Air blowers should be capable of 
delivering air to the filter against the 


2-in. 


pressure. 


system back pressure plus 


vauge assumed filter back 


The amount 
of air required has not been established 


(This allows some safety. 
by these studies However, experience 
with a laboratory filter suggests that 
provision be made for not less than 0.5 
raw 
plied per foot of filter depth at maxi 
mum raw waste flow. 


ecu ft air per gallon of waste ap 
Brief experience 
at the pilot plant with 0.3 eu ft per 
gallon per foot of depth suggested that 
might be desirable in order 
to bring the DO into the range of 3 to 4 
mg/l in the effluent. Actually, further 
studies are in to establish a 


more air 


progress 
establishing 
this time it 


to allow some excess. 


scientific basis for 


more 
the air requirement. At 


seems desirable 
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6. It is suggested that average or- 
ganic loadings of applied waste be kept 
below 1,380 Ib/day /1,000 cu ft for pre- 
treatment units and below 690 Ib/day/ 
1,000 eu ft for installations requiring 
65 to 70 per cent removal. To produce 
effluents that might be discharged di- 
rectly to streams offering very little 
dilution, the loadings should be held to 
less than 368 Ib/day /1,000 eu ft. The 
higher limits are suggested by these 
and the limit has been 
indicated by laboratory studies. Since 
the filter will handle hydraulic flows in 
the order of 4,600 to 9,200 gpd/sq ft 
without difficulty, there may be some 
advantage in diluting the applied waste 
with settled effluent. The actual BOD 
of the mixed water may be much less 
while the total organie loading may re- 
main high. In this way hydraulic load- 


studies lower 


ings can be kept above 1,380 gpd/sq ft 
which is desirable to flush slime sur- 
faces on filter media and keep an aetive 


biota. 


These studies have demonstrated that 
it is possible to apply the principles of 
controlled filtration to the treatment of 
milk plant wastes containing cottage 
The BOD’s are 
high and variable from day to day, but 
the averaged results of treatment sug- 
gest much flexibility in the range of 
loadings. 


cheese W hey rinses. 
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OPERATING EXPERIENCE WITH 
ACTIVATED SLUDGE REAERATION 


Edward R. Grich 


Modification of conventional acti- 
vated sludge incorporating the reaera- 
tion of sludge has been 
various titles. The process is 
tially the same in all cases. An Eng- 
lish patent (1) granted in 1922 out- 
lined the features of sludge reaeration. 


itilized under 


essen- 


Process Description 


The 


tional steps, as follows: 


embraces three fune- 


pre CeSS 


1. Relatively 
of a mixture of 


short aeration period 


raw waste and biologi- 
cally active sludge 


adsorption 
Separation of the biological sludge 
laden with organics from its associated 
treated liquor by 
fication 


sedimentation (elari- 
biologi- 
with the 


oxidation 


the settled 
to admixing 
waste 


3. Reaeration of 
eal sludge prior 


incoming raw 

A typical schematic layout of the 
process is shown in Figure 1, 

The raw sewage, preferably after 
comminution into the 
unit. Here, for a relatively short pe- 
riod of time, it is admixed and aerated 
with the return sludge from the sludge 
reaeration Ad- 


is ef 


flows aeration 


unit 
which 
fected in this unit, has been 


stabilization 
sorption of the organics, 
found to 
be quite rapid, thereby necessitating a 
relatively short contact period 

The mixed liquor 
clarifier where the 


final 
liquid 
The completely 


enters the 
and 


solid 


phases are separated 


Edward # rich consulting sanitary 
chemist in Pat 

7 his pap 
nual Meeting, 
Control Association 


University, Aug. 


treated liquid is discharged to the re- 
ceiving stream following chlorination. 

The settled sludge is returned via air 
lift pump to the sludge reaeration unit 
for oxidation of the adsorbed organics 
prior to its re-entry into the aeration 
unit. 

As required, excess sludge is wasted 
the 
aerated for a minimum of 5 to 7 days. 


into aerobie digester. where it is 


Because the sludge is isolated from a 
continuous supply of food, endogenous 
This 


original 


respiration oceurs. results in a 
reduction of the 
sludge present with the production of 


dioxide, 


amount of 


carbon water, inorganic com- 
pounds, and stable organic compounds. 
The water is periodically removed as 
supernatant by decantation, and the 
concentrated stable sludge is capable 
of being air-dried without being a 
nuisance. 

Typical of installations in which all 
of these components are incorporated 
into a single compartmented tank are 
Figures 2 


the installations shown in 


and 3. 


Garden State Plaza 


Typical of 
this modified 
stallation at the 
Shopping 


plants designed to em- 
system is the in- 
State Plaza 
Paramus, N. J. 
(Figure 4 Its original design ealled 
for 90,000 gpd at a BOD of 360 mg/I, 
or 270 lb/day. 

Results typical of the operation are 
Table I for the 
through November 
average waste conditions for this 
period were 100,000 gpd, 420 mg/I 
BOD, and 350 lb BOD/day. The final 
effluent BOD, before chlorination, aver- 


brace 
Garden 
Center in 


months of 
1959. The 


given in 
August 


raw 


\ 
at 
4 . 
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AERATION CONTACT 


ZONE 


INLET PUMPS IF WY DROGRINDER 


ACTIVATED SLUDGE 


REAERATION 


CHLOMINE Cor 
CHAMBER 


CEQUIRED SUPERNATANT TO SERATION CONTACT 
RETURN ACTIVATED ZONE OR SLUDGE CINDER METERED To 
SWIDGE AIRLIFT EFFLUENT 
ful 
ZONE = 


aged 16 mg/l, or a reduction of 96 per 
cent. 

Wide variations in the operations at 
the shopping eenter (ineluding Sun- 
day closing, on-off restaurant opera- 
tions, and cleanup projects at the vari- 
ous stores) result in highly variable 
organic loads being imposed on the sys- 
tem. An example of this variation is 
shown for September 1959 in Figure 5, 
The raw waste varied from a low of 215 
to a maximum of 500 mg/l BOD; the 
final effluent remained essentially con- 
stant at an average of 18 mg/1] BOD. 
Raw waste BOD’s as high as 800 mg/l 
have been experienced at this plant. 


Calumet Air Force Station 


Many Air Force stations have also 
employed this process. The character- 
istics of their raw waste (Table IT) 
nearly approximate that of a normal 
sanitary waste. 

BOD values of the final effluent on a 
daily basis for one month revealed a 


FIGURE 1.—Process flow scheme for activated sludge reaeration. 


SOLIDS RESIDUE (iF ANY 
FOR WET LAND FILL OR DRYING BEDS 


variation from a low of 8 to a high of 
22 mg/l. 

This particular plant was designed 
to handle 30,000 gpd of raw sewage at 
a BOD of 250 mg/1, or 63 lb/day. The 
average daily loading being imposed 
on this system was 20,000 gpd at 210 
mg/l BOD (35 lb/day). 

Of necessity, these stations are nor- 
mally located in somewhat isolated 
areas, Which makes them particularly 
susceptible to power outages from the 
commercial source. Therefore, to in- 
sure continued optimum operation it 
is imperative that these plants be tied 
in with the emergency station electrical 


TABLE I.—Performance, Garden State Plaza, 
Aug.—Nov. 1959 


BOD (mg/1) 


Chance 
alue* 
(%) Raw Final Reduction 
Waste | Effi. (%) 
LO 220 11 95 
50 $20 16 96 


90 610 | 24 96 
* Percentage of time value is equal to or less 
than stated. 


FIGURE 2.—One-tank plant at North 
Charleston, S. C., Air Force Station can 
treat 40,000 gpd. 
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FIGURE 3.—Each of these two units at Hampton Park, IIl., can treat 500,000 gpd. 


supply used to operate the radar equip- 
ment. 
Morristown, New Jersey 
The 


also particularly adapted to the con- 


sludge reaeration process is 
version of conventional activated sludge 
plants, and has resulted in an increase 
in both the efficiency and capacity of 
the facilities. A notable example of 
this is the Morristown, N. J., 
treatment plant 


sewage 
Figure 6 
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This 2.5-mg¢d plant originally utilized 


5 aeration units: 2 large tanks, each 


having a capacity of 175,000 gal, and 
4 smaller tanks, each having a capacity 
of 120,000 gal. Using this total aera- 
tion capacity of 710,000 gal the process 
maintain 
the liquor 
blower capacity of 
utilized. A 
settling characteristics 
and high 


was unable to positive DO 


coneentrations in mixed 
when the 


5.000 efm 


entire 


Was sludge of 


poor Was pro- 


duced solids concentrations 


FIGURE 4.—Treatment plant at Garden State Plaza Shopping Center is 
designed to treat 90,000 gpd at 360 mg/l BOD. 


. 
Ye 
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hers. 
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were escaping over the final effluent 
weirs. In addition, malodorous condi- 
tions and serious foaming conditions 
were existent, and a poorly clarified 
final effluent was produced. 

Utilizing the sludge reaeration proc- 
ess, one large aeration unit was used 
the the other as the 
sludge unit. Initially, the 
three smaller aeration units were held 
empty. 


as aerator and 


reaeration 


Controlled operation, utilizing the 
entire blower capacity of 5,000 efm, 
maintained adequate DO in the aerator 
and stabilizer, increased the mixed liq- 
uor sludge density index from less than 
0.33 to more than 1, which in turn cor- 
rected the loss of solids over the final 
effluent weirs, completely abolished the 
and and 
produced a satisfactory final effluent 
(Table IT). 

Extended use of the 5,000 cfm of air 
resulted in the appearance of floating 
scum in the mornings on the top of 
the clarifiers, indicating that too much 
air was being applied during the light- 
load night hours. 


odor foaming conditions, 


Because the blower arrangement con- 
two 1,500-cfm and two 1,000- 
cfm rotary positive blowers, the next 
lower step is 4,000 cfm. An additional 
limitation is that the plant is manned 
only 8 hr a day. Therefore, the air 
flow was reduced to 4,000 efm at 4 pm 
and raised again to 5,000 efm at 8 am. 


sists of 


This was tried for two weeks, with no 


TABLE II. 


AF Station, Calumet, Mich.* 
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FIGURE 5.—Typical variation in strength 
of raw waste and final effluent at Garden 
State Plaza treatment plant. 


deterioration in the process. It also 
corrected the problem of floating seum 
in the elarifiers. 

Attempts to utilize 4,000 efm for the 
full 24-hr period revealed tendencies 
toward deterioration in less than one 
week. Reversion to 5,000 efm from 
8 am to 4 pm and 4,000 cfm from 4 Pm 
to 8 am returned the process to its high 
level of efficiency. 

One of the by-products from this 
conversion concerned itself with the 
three smaller aeration units that were 
left idle by this process. 

Increased and volumetric 
loadings to the plant over the years 
produced increased sludge loadings and 


organic 


Efficiency Data at Three Treatment Plants 


Lowe Paper Co., 


Morristown, N. 


Ridgefield, N. J. 


Raw Final Red 
Waste (%) 
BODt (mg/l) 206 13 93.7 
Susp. sol. (mg/l) 168 20 88.1 
Turbidity units 240 23 90.2 


COD (mg/l 


* 4-hr composite 
+ 6-hr composite, high loading period. 
t 5-day, 20° C. 


Raw Final Red. | Raw Final Red. 
Waste Eff. (%) Waste Effi. (%) 
312 30 90.4 552 26 95.4 
308 24 92.2 927 38 95.8 
280 | 30 89.4 1,635 35 | 97.7 
470 OAT 89.5 1,520 224 85.2 
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FINA EFFLUENT 


FIGURE 6.—Schematic flow diagram of Morristown, N. J., sewage treatment 
plant as converted for reaeration operation. 


a borderline operation of the anaerobic 
Therefore, the three idle 


aeration tanks are employed as aerobic 


digesters 


This permits the anaerobic 
loaded within 


remaining 


digesters. 

units to be 
pacity, the 
handled by these aerobic digesters. 


design @a- 


being 


ve 


Lowe Paper Company 


The sludge reaeration has 
also been successfully applied to the 
treatment of 
The wastewater from the Lowe Paper 
Company of Ridgefield, N. J., 


prised of white water, de-inking wastes, 


process 
industrial wastewaters. 
is 


and coating room wastes. 


TABLE III. 


Calumet, Mich 

Morristown, N. J 

Garden State Plaz 
Center 

Lowe Paper Co 


Sanitary 
Sunitary 


* Design criteria. 


Pilot-plant work originally consisted 
of attempts to treat this waste without 
This was found to 
be unfeasible because the high concen- 
tration of clay present in the 
readily adhered to the biological floe 


primary treatment. 
waste 


This eventually caused the reduction of 
the mixed liquor volatile solids to as 
low as 50 per cent, thereby suggesting 
that 
mixed liquor solids inventory be ear- 
ried 
biological floe necessary to yield opti- 


approximately twice as much 


in order to derive the weight of 
mum treatment. 


Therefore, prior to entering the bio- 
logical treatment system, the waste was 


Detention Time and Return Sludge Percentage 


Det 


100* 
70 


Strong sanitary ‘ SO 


Pulp and paper 140 


S60 
RAW SEWAGE 
4 
AERATION TANK | 
= | 
© REAERATION <+-|-- a 
Time (1 Ret 
Installation Waste Type ~ludge 
\ ator Stal 
- 
1.0 2.4 
; Shopping 
3 
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passed through a make-shift classifier, 
which settled the bulk of the solids to 
the bottom of a hoppershaped unit 
with a tangential flow inlet. 

; The wastewater from the mill was 
nutritionally deficient and had to be 
supplemented with nitrogen and phos- 
phorus to maintain the C:N ratio at 
20:1 and the C:P ratio at 75:1. 

The aeration compartments of the 
pilot plant originally contained a rela- 
tively small unit to be utilized as an 
aerator and two other units of identi- 
cal size, one of which was to be utilized 
and the other 


as a sludge reaerator 
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as an aerobic digestion unit. It soon 
became apparent that inadequate 
stabilization time was provided for the 
treatment of this extremely strong 
wastewater. Therefore, the digester 
was also utilized as a sludge reaerator, 
the two units being used in series. This 
arrangement yielded excellent treat- 
ment efficiencies (Table II). 
General Discussion and Laboratory 
Control 

Review of the operation of the fore- 
going plants indicates that the key 
to successful operation of any acti- 


Digester 
PD=60 


Stabshzer 
PO=255 


SS*400 


verloeded 


Condition 


PO«Excessive 


10 


Time - Minutes 
FIGURE 7.—ORP relationships. 
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vated sludge system is to maintain the 
This 
importance of the re- 
the 
addition, 


proper ratio of food to organisms. 
underlines the 
turn 
raw 


organisms) to 
food In 
however, and 
the be considered in 
terms of the contact time required to 


sludge rate 
waste flow 
the 


Waste 


nature streneth of 


raw must 
effect optimum treatment. 

Table III gives the deten- 
tion times in the aerator and stabilizer 
and the proportion of return 
employed. 


relative 
sludge 


It is apparent that normal sanitary 
waste, as shown for Calumet and Mor- 
treated with 


2 to 2.5 


ristown, can be efficiently 
a sludge reaeration period of 
hr and a mixed liquor aeration period 
of 0.5 to 1.0 hr. 

The 
though of 


Garden State Plaza waste, al- 
domestie origin, 


requires 
greater detention times because of its 
more highly concentrated nature. 
The Lowe Paper Company waste, in 
addition to its strength, is not as highly 


assimilable as sanitary wastes and 


therefore requires substantially greater 
detention time in the sludge reaerator 


to oxidize the organie material ad- 


sorbed in the aerator. 

All of the installations discussed here 
were the 
outside seed Morristown 


without aid of 
The 
plant, of course, had sufficient sludge 
within the system at the time of the 


conversion. 


established 


sludge, 


In any system there are two 


pre 


esses Operating simultaneously at all 


times ; namely, sludge 
buildup 
burnoft 


desirable 


sludge synthesis 


and sludge oxidation (sludge 
To establish the process it is 
initially to encourage syn- 
oxidation to a 


minimum in order to build up the bio- 


thesis while holding 
logical inventory as quickly as possible. 

After sufficie 
and the process is established, it is de- 


nt inventory is obtained 


sirable to hold synthesis and oxidation 
in equilibrium to prevent the necessity 
of excessive sludge wasting. 

This differentiation syn- 


thesis and oxidation can be controlled 


between 
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by the application of ORP plots with 
ORP is defined as the 
ratio of oxidant to reductant present. 


respect to time. 


Generally, this is simplified to be the 
ratio of oxygen applied to the BOD 
load applied. <A series of representa- 
tive plots showing their relationship 
and taken from various sections of the 
biological process are shown in Figure 
7. 

The uppermost curve is representa- 
tive of an aerobie digester having an 
high 


O-min 


excessively steady state reading 


that is, reading) and an ex- 
tremely flat slope ; or low 
tential difference 


ference 


30-min po- 
that is, dif- 
and 


reading 


between the O- 30-min 
readings 

The curve second from the top rep- 
well-condi- 


(stabilizer ) 


resents a sludge from a 


tioned sludge reaeration 
unit where the steady-state value is 
fairly high, and the potential difference 
is moderate. The moderate potential 
sludge that 


been adequately oxidized and is ready 


difference indicates a has 
for exposure to another organic load 
the 
the 


from an 


when re 
The 


represents a 


introduced into aerator. 


eurve second from bottom 


aeration 
steady-state 


sludge 


unit with an adequate 
value and a relatively high potential 
difference. The high potential differ- 
that 


active in the assimilation of the ineom- 


ence indicates the organisms are 
The ini- 
tial flat slope of each of the aforemen- 
tioned the 
presence of adequate dissolved oxygen 
and/or 


ing raw waste oreanie load. 


curves is indicative of 


other oxidants. 


The lowest curve represents an over- 


loaded sludge having a relatively low 


steady-state value, an excessive poten- 
tial difference, and the absence of an 
initial flat slope. This is indicative of 
a condition wherein the food-to-organ- 
ism ratio is out of 


food 


ganism count. 


equilibrium, the 


loading far outweighine the or- 


To initially encourage sludge syn- 


thesis, the degree of oxidation being ef- 


fected in the stabilizer is held to a 
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A 
| 
i 
| 
| \ 
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decreased aeration rates 
and lower return sludge rates to main- 
tain the potential difference 
nearly that of the aerator. 


minimum by 
more 


Naturally, an untrained sewage plant 
operator cannot be expected to inter- 
pret these ORP data and to establish 
the This normally requires 
plant supervision by specially trained 
personnel. 


pre CESS, 


The instructions should include indoe- 
trination of the trainee in terms of the 
theory and operation of the process, the 
performance of simple laboratory con- 
trol procedures, the interpretation of 
the results obtained from pro- 
cedures, and the plant changes that are 
dictated by these results. 


these 


Once the process has been established 
in terms of ORP the trainee can eon- 
tinue to control the process by means 
of a few simple analytical tests and 
plant measurements. These include the 
raw waste and return sludge flows; 
the centrifuge 
from the aerator, sludge reaerator, and 
return sludge ; 


suspended solids by 
the settleable solids in 
the aerator; the sludge density index 
of the aerator and the dissolved oxygen 
concentration in the aerator and sludge 
reaerator. 

Simple efficiency tests include dis- 
solved oxygen in the final effluent, Im- 
hoff settleable solids in the raw waste 
and final effluent, relative stability in 
the final effluent, and chlorine residual 
in the final effluent. Additional tests, 
as may be required by the local regu- 
latory ageney, would, of course, also 
be performed. 

It has been found that approximately 
10 days are required for adequate in- 
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struction of the trainee in the operation 
and control of this process, providing 
these days are spread over an appropri- 
ate period of time (normally 2 to 3 
months) to embrace all phases of the 
operation, 


Advantages 


A few of the advantages for the 
sludge reaeration over con- 
ventional activated sludge include the 
following : 


process 


1. Separating the adsorption and 
oxidation processes that occur in the 
same unit in conventional practice into 
different units affords greater flexi- 
bility in the control of the process, be- 
cause each is then independently con- 
trolled. 

2. It is more capable of handling 
shock loadings by virtue of the reser- 
voir of sludge contained in the sludge 
reaeration unit. In conventional prac- 
tice a shock load is introduced into the 
entire contents of sludge under aera- 
tion. In the sludge reaeration system, 
however, the effects of this shock load 
are only felt in the aerator, which is 
consistently being fed by a supply of 
non-affected sludge from the reaera- 
tion unit. 

3. The need for reduced aeration 
time results in smaller tank capacities, 
Jess area, and lower capital expendi- 
ture. 
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NYLON WASTE TREATMENT 


B. T. Dean 


The development of design criteria 
for the disposal of nylon waste at the 
plant of the Chemstrand 
Corporation been deseribed by 
Remy and Lauria (1), who gave an ae- 
count of the laboratory and pilot-plant 
work that resulted in the construction 
of waste treatment facilities consisting 


Pensacola 


has 


of a combination of submerged combus- 
tion and bio-oxidation to treat the two 
waste streams produced in the manu- 
facture of adipic acid. The total BOD 
reduction for which the plant was de- 
signed was 70 per cent. 

As finally constructed, the treatment 
plant consisted of the following: 


1. A submerged 


to treat one waste. 


combustion burner 


2. A large lagoon for mixing of 
wastes. 
3. A neutralization tank for am- 


monium hydroxide addition. 

4. A dilution tank with facilities for 
both river water and recycled treated 
effluent waste dilution. 

5. A mixed liquor tank for introduc- 
tion of phosphoric acid and 
cycled sludge. 

6. Six aeration tanks. 

7. A circular clarifier. 

8. A post-treatment lagoon for ef- 
fluent flow regulation to the Escambia 


River. 


active re- 


The complete waste treatment plant 
was started up at the optimum condi- 
tions determined during pilot-plant op- 


eration. The bio-oxidation unit was 


B. T. Dean Utilities As 
sistance Group, hemstrand Cor Pe 
Fla. 

This paper was presented at the rd An 
nual Meeting of the Water Pollution Control 
Federation in Philadelphia, Pa., Oct. 2-6, 
1960. 


Gro p Leade r, 


nsacola, 


operated at a loading of 1.2 lb/day of 
BOD per pound of volatile solids and 
with 2,500 mg/l suspended solids in the 
Dilution of raw waste 
with river water and recycled effluent 
was at three parts of diluent to one of 
waste. Retention in the aeration tanks 
was 12 hr. Under these conditions the 
plant produced COD reductions of 85 
per cent. 


aeration tanks. 


There was no doubt that it 
could obtain the efficiency for which it 
was designed. 

Operating the three 
years since start-up has indicated the 


experience in 
certain changes. 
One of the first was elimination of re- 
eycled effluent as a diluent for the raw 
feed. Although this mate- 
rial had a number of definite advan- 


tages 


wisdom of making 


the use of 


such as the return to process of 
phosphorus ammonia otherwise 
lost in the discharge—it was found to 
have an adverse effect on the settling 
With an 
increasing proportion of recycled ef- 
fluent in the diluent the sludge par- 
ticles became finer and more dispersed ; 


and 


characteristies of the sludge. 


as the proportion decreased, the sludge 
agglomerated into large particles and 
settled more readily, producing a much 
clearer clarifier overflow. 
quently, river water alone came to be 
used for waste dilution. 


Conse- 


This change meant that there was no 
longer a need for the post-treatment 
pond as a reservoir from which to draw 
effluent. Originally, this pond had 
been designed with a threefold purpose 

effluent storage, sludge disposal, and 
additional treatment. It was 
found that no COD reduction was ob- 
tained in it. 
tention 


soon 


Only four to five days re- 
provided, and this ap- 
parently was not enough to accomplish 
anything. This left only sludge dis- 
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FIGURE 1.—Schematic diagram of renovated waste treatment installation at 
Chemstrand’s Pensacola plant. 


posal as a reason for the continued 
existence of the pond. It had been ex- 
pected that the excess sludge could be 
discharged beneath the surface of the 
post-treatment pond to undergo ana- 
erobic decomposition and reduetion of 
volume to the extent that the pond 
might have to be cleaned only every 
five years or so. However, after a few 
months it was discovered that the pond 
was filling up with sludge and that 
little, if any, decomposition was taking 
place. Therefore, the post-treatment 
pond was by-passed and taken out of 
service as being of no use. 

A new means of sludge disposal had 
to be found. From all of the possi- 
bilities available, it was decided to pur- 
chase and install a nozzle-type con- 
tinuous centrifuge. The machine is fed 
a stream of thickened sludge from the 
bottom of the clarifier containing 2- to 
$-per cent solids by weight. By proper 
adjustment of the feed rate and the 
number and size of nozzles used, a 
centrifuge discharge containing 8-per 


cent solids is obtained. Sludge of this 
consistency is almost thick enough to 
shovel, but is still thin enough to pump. 
A positive displacement pump is used 
to pump it to the nearby incinerator, 
where it is mixed with equal parts of 
a combustible waste and burned. In- 
cineration has proved most  satisfaec- 
tory, from the standpoint of sludge dis- 
posal, although it is rather expensive. 
Investigations of other methods of 
sludge disposal are continuing while 
incineration is still being used. 

Figure 1 is a diagram of the treat- 
ment plant following the changes de- 
seribed. 


Plant Process Changes 


About a year after treatment plant 
start-up it became necessary, due to 
some process changes that were being 
made in the manufacturing area, for 
the treatment plant to accept two new 
waste streams which, of course, had not 
been included in the original design. 

One of these contained a substanee, 
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adiponitrile, which laboratory investi- 


gations had shown to be toxie to bio- 


Llowever, it was esti- 
mated that dilution by the 
would reduce the concentration of this 
material to less than its toxic threshold. 
this the 


plant, a was 


logical systems 


other wastes 


To transfer 
treatment 
structed at the building which was its 


stream to waste 


con- 
line con- 
the 


source, and an underground 
ducted the 


treatment area 


Waste by gravity to 
The other stream was strongly alka- 
COD, and 


ap- 


line, as well a 
could thus be 
preciably on the 


containing 
expected TO Save 
amount of ammonia 
required for neutralization of the orig- 
On the 


not desirable to have this stream in the 


inal wastes. other hand, it was 


feed pond because it was necessary to 
maintain a low pH in the pond in order 
to prevent bacterial 


anaerobie action 
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and odor production. Fortunately, the 
this 
that with little piping, and no addi- 
pumping, the could be 
the treatment plant 
through an abandoned line on a pipe 


source of stream was-so located 


tional waste 
transferred to 


bridge and discharged directly into the 
pump the bio-oxidation 
in the 
alkalinity of this 
is maintained at a level 
which will produce a resultant pH just 


sump feeding 
There 


over the 


system. is some control 
process 
stream, and it 
lower than that desired for bio-oxida- 
tion feed, and enough ammonia is then 
added the 
point. 

Both of the 


sorbed by the treatment plant without 


to adjust to desired end- 


new streams were ab 


loss of efficiency and without any sign 
ot adverse effects. 
Inasmuch as fresh river 


water was 


constantly being pumped into the sys- 


FIGURE 2.—Electron micrograph of normal, healthy sludge. 
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FIGURE 3.—Electron micrograph of sludge during upset period. 


tem as dilution water, it was to be ex- 
pected that changes in the bacterial 
population of the river would be re- 
flected by changes in the plant. This 
was found to be true. Especially were 
these changes encountered in the rainy 
(winter spring) when 
levels high. They were 
characterized by floating sludge and 
the appearance of the 
Whereas the sludge 
is a medium tan color and composed 


seasons and 


river were 
changes in 
sludge. normal 
of moderately fine particles, the sludge 
affected by the foreign organisms be- 
came lighter 
or stringy. 
Electron 


in color and either coarse 
micrographs of samples 
taken from the system during these pe- 
riods revealed a most interesting situa- 
tion. Figure 2 shows a sample of nor- 
mal, healthy sludge. Figure 3 shows 
another sample taken during one of 
these upset periods. The tiny, football- 


shaped bodies clustered about the cells 
are bacteriophage—the well-known vi- 
rus-type infection that has been noted 
by others. Other views of this same 
sample showed cell walls being actively 
broken by the invaders, the virus bodies 
actually penetrating the cells. Figure 
4 is a micrograph of a sludge sample 
after filtration through a_ millipore 
filter to remove the bacteria; only the 
The other 
objects visible are particles of erystal- 
line material. 

Efforts to eliminate the  bacterio- 
phage infections revealed that sludge 
age had a great deal to do with its 
susceptibility to the virus. Young 
sludge was quite resistant, whereas 
older sludge seemed to succumb more 
readily. Obviously, it would be ad- 
vantageous to carry low solids levels 
and high reeyele rates in order to have 
as little sludge in the system as pos- 


bacteriophage are present. 


+. 
; 
sy, 
a 
: 
* 
p 
<5 > > 


sible. In fact, it became standard prac- 
tice, whenever floating sludge appeared, 
to blow down the system and reduce 
This meant higher loadings, if 
the feed rate were to be held constant, 
but the higher loadings apparently did 
not reduce , Rather, there 
was an improvement. Furthermore, 
the shorter residence time in the elari- 
fier, due to the increased recycle rate, 
had the effect of reducing the 
lag time in the aeration tanks. 


solids. 


efficiency. 


normal 


Increase in Nylon Production 


Then came the decision to inerease 
nylon production capacity. The ques- 
tion was whether the expansion should 
be at Pensacola or elsewhere. If else- 
where, a whole new plant would have 
to be built. If at 
foreseen that the 
additional 


Pensacola, it was 


process changes and 
would 


equipment required 
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waste 
These 


new streams would not be concentrated 


result in the creation of 


streams demanding 


new 
treatment. 


process wastes like the original streams, 
but would be numerous and dilute, 
making it difficult to accumulate and 
transfer them. There 
doubts that these wastes could be made 
treatment, but it 
predicted that unless they could be the 
Yet. 


after careful consideration of the eco- 


were serious 


available for was 


expansion could not take place. 


nomics of the situation, it seemed most 


desirable that the expansion be at 
Pensacola. 

Here was truly a ease of the tail 
dog—the 


program of a large manufacturing fa- 


wagging the entire 
cility completely stymied by a problem 
of waste treatment. It was not a ques- 
tion of enlarging the treatment plant, 
which could have 


heen done; rather, it 


FIGURE 4.—Electron micrograph of sludge sample after filtration through a millipore 
filter to remove the bacteria. 
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DITCH NOT 


: 


TO BIO-OXIDATION 
FEED POND 


RELOCATED OVERFLOW 
“ Lines 
To River ( b) 
TO BIO-OXIDATION 
FEED POND 


FIGURE 5.—Changes in building ditches. 


was a question of picking up the new 
streams, getting them to the treatment 
plant, and then providing the capacity 
to handle them. Could this be done at 
a reasonable cost and with a reasonable 
amount of construction and alteration ? 

A definitive study was initiated 
in the manufacturing areas to locate 
precisely the sources of the expected 
wastes, to estimate the quantities that 
would be involved, and to propose the 
means by which they might possibly be 
diverted to the treatment plant. 

It was known in a general way where 
the new wastes would originate. Four 
manufacturing buildings would account 
for most of them, and so attention was 
In the mannu- 
facture of nylon salt there are many 
separation and purification steps in- 
volving distillation, crystallization, and 
filtration, and requiring large volumes 
of cooling water for condensing and 
squelching. This cooling water is gen- 
erally river water. Therefore, the ef- 
fluents from the building ditches going 
into the two main plant drainage 
ditches and then to the river are es- 
sentially river water. It was discovered 


centered on these four. 


TO TREATMENT 


PLANT BUILDING BUILDING 
EFFLUENT EFFLUENT 
SUMP 
OTHER 
WASTES 
DITCH 


FIGURE 6.—Waste diversion from 
buildings C and D. 


in the survey that the expected losses 
would be found in certain portions of 
the river water streams in the build- 
ing ditches and would not be in other 
areas. This suggested that it might 
be possible to isolate the contaminated 
portions from the uncontaminated and 
thus make treatment practicable. 


Waste Stream Changes 


Figure 5a shows the situation in one 
building. It was found that one loss 
could be expected in ditches 1 and 2. 
No loss was expected in ditch 3, al- 
though three process tanks had over- 
flow lines discharging into this ditch, 
and there was a possibility of intermit- 
tent losses from these sourees. Another 
loss was expected in ditch 4, which dis- 
charged through a storm drain to the 
river. 

After careful consideration, it was 
decided to build a dam in the connect- 
ing ditch to isolate ditch 3 from ditches 
1 and 2, as shown in Figure 5b. Over- 
flows from two of the tanks were ex- 
tended to discharge into ditch 2. A 
new connection was constructed be- 
tween ditch 2 and ditch 4, and the third 
tank overflow was relocated to dis- 
charge to the same ditch. A dam in 
ditch 4 at the corner of the building 
and a new underground connection 
from this ditch to an existing under- 
ground line to the waste treatment 
plant completed the picture. Drainage 
from ditches 1, 2, and 4 now went to 
the waste treatment plant, and uncon- 
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dis- 


the 


ditch 3 continued to 
volume 


taminated 


charge its large flow to 
river. 

What has been described is typical 
of what buildings, 


These alterations have been completed, 


was done in two 
and the new flow systems are working 
well, 

In two other buildings the situation 
was different. It not 
found possible to isolate streams, as 
had done in the first 
The expected losses were 
the 


was noted 


somewhat was 
instance. 
distributed 
buildings. 
The vol 


from these two buildings 


been 


throughout 
But a coincidence 
ume of flow 


generally 


was almost exactly the amount of river 
water required dilution of waste 
in the treatment plant. If this effluent 
could be diverted in its entirety to the 
waste treatment plant it could be used 
for dilution thus saving an 
equivalent amount of river water and 
making this stream available for treat- 
ment. 


for 


water, 


The two buildings in question, here 
called Buildings C and D, are located 
at the upper end of one of the main 
drainage ditches. It appeared feasible 
this ditch Building C, 
install pumps, and pump all this waste 
to the treatment plant. 


to dam below 


Figure 6 shows schematically how 
this will be done underground 
line will be installed, a pump sump will 
the ditch, a 
dam will be built, and the entire waste 
effluent from 
turned into treatable waste. This job 
is presently being done and is not yet 
complete. 


A new 


be constructed alongside 


these sources will be 


The expansion at Pensacola is now 
proceeding. 
pect no 


The waste treatment pros- 
limits the 
the tail 
An increase in the waste 


longer plans for 


no longer 


higher production 
wags the dog. 
treatment 


plant capacity is planned 
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so as to handle the additional load 
placed on it by these changes; but it is 
important to that the streams 
which have so far been diverted have 
not in any way adversely affected the 
operation of the treatment plant. Fur- 
thermore, the 
three years of operation now makes it 
appear that the additional load ean 
nearly be handled by the present plant, 
and that the increase in treatment ea- 
pacity will not have to be calculated on 
The 
plant, designed to operate at a BOD 
loading of 1.2 lb/day/lb volatile solids 
can be operated quite well at a loading 
of 3.0 lb/day/lb volatile solids. A de- 
sign retention time of 12 hr ean be re- 
duced to 8 without 
dilution ratio of 3:1 
fully reduced to 2:1. 


was conducted to determine in advance 


note 


experience gained in 


the basis of the original design. 


impairment. <A 
has been success 


Recently a test 


how the plant would react to an actual 
load equivalent to the load expected at 
the completion of expansion. Several 
aeration tanks were dropped so that the 


flows and loadings in the remaining 
tanks would be at the same rate as 
predicted for the future conditions. 
The results confirmed the convietion 


that little capacity will have to be pro- 
vided in the treatment plant. 
The 


course, a unique process; 


manufacture of nylon is, of 
but the find- 
ings at Pensacola can undoubtedly be 
duplicated in many other plants han- 
dling organic materials. A thorough- 
unfettered by precon- 
ceived ideas as to what can and what 
cannot be might ad- 
vantageous elsewhere as it has proved 
there. 


going study, 


done, prove as 
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PROCESSING LIQUID RADIOACTIVE 
WASTES AT ARGONNE 


H. Gladys Swope 


The Argonne National Laboratory 
has four treatment facilities for han- 
dling liquid wastes. The first is a 


typical sewage treatment plant, which 
handles sanitary sewage; the second, 
the laboratory waste treatment plant; 
the third, a special plating waste treat- 
ment plant; and the fourth, a build- 
ing for processing radioactive wastes. 
There are two sewer systems or sewer 
lines, one for the sanitary sewage and 
the other for all other liquid wastes, 
except radioactive liquids. No radio- 
active wastes are supposed to enter 
either They are kept in as 
small volume as possible, because the 
processing of radioactive wastes is 
neither an easy nor an economical op- 
eration. This paper deals with the 
method of handling radioactive wastes ; 
but in order that some understanding 
may be had of the entire liquid waste 
treatment program at Argonne, the 
method of handling the sewage and 
other wastes is discussed briefly. 
During a month 500 to 600 retention 
tanks are filled. This is equivalent to 
750,000 to 900,000 gal and of this 
amount the contents of only ten to 
twelve tanks (15,000 to 20,000 gal) re- 
quire processing. This has resulted in 
economy both of personnel and equip- 
ment. It is possible because of the co- 
operation of all the laboratory scien- 
tists, who are careful to see that their 
radioactive wastes do not reach the 
Every small batch, if allowed 
to go into a retention tank, would have 
made necessary the treatment of 1,500 


sewer. 


sewers. 


H. Gladys Swope is a staff member of the 
Chemical Engineering Division, Argonne Na- 
tional Laboratory, Argonne, Ill. 
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gal. Therefore, before a start is made 
on processing a waste a concentration 
step has already been taken, simply 
through the help of every individual 
scientist. 


Sewage Treatment Plant 

The sewage treatment plant was de- 
signed for 840,000 gpd, but may handle 
as much as 2.6 med during storm flows. 
The plant comprises coarse bar screens, 
two comminutors, two combination 
clarifiers and digesters, two high-rate 
trickling filters, two final settling tanks, 
slow sand filters, and final chlorination. 


Laboratory Waste Treatment Plant 


The laboratory waste treatment plant 
is comprised of a mixing building, an 
ion-exchange building, and six 68,000- 
gal settling tanks. The mixing build- 
ing houses three dry-feed machines, an 
automatie pH controller, and a mixer. 
In one dry-feed machine lime is used 
for pH adjustment ; the other two have 
not been used. Originally these ma- 
chines were to be used for flocculating 
agents should it become necessary to 
remove radioactivity in excess of the 
maximum permissible level. This, for- 
tunately, has not been required. The 
pH of the wastes received at this plant 
is usually 7.0, so no pH adjustment is 
required. However, should the pH be 
below 6.0, hydrated lime is automati- 
cally fed to the waste. The waste then 
flows directly to one of the 68,000-gal 
settling tanks. 

The ion-exchange building houses 
two 20-cu ft ion-exchange units, one a 
cation exchanger, the other a mixed 
bed (Figure 1). Preceding and follow- 
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FIGURE 1.—Interior of ion-exchange building, with cation exchanger at right 
and mixed-bed unit at left. Each unit holds 20 cu ft of resin. 


ing these exchangers are small filters. activity in excess of the maximum per- 
These ion-exchangers were installed as missible level allowed by Handbook 69 
a safety device in case one of the (1). 

68,000-gal tanks should contain radio- It is also possible to handle 1,000- 
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FIGURE 2.—Flow diagram of liquid wastes handling at Argonne National Laboratory. 
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gal tank trucks of radioactive wastes, 
principally wastes from the Experi- 
mental Boiling Water Reactor (EB- 
WR), if required. A flow diagram of 
the method of handling liquid aqueous 
wastes is shown in Figure 2. 

In the handling of radioactive wastes 
effort is made to see that no 
radioactivity enters the Des Plaines 
River beyond that allowed by Hand- 
book 69. The flow diagram shows a 
typical laboratory building where radi- 
oactive wastes originate and are bottled. 
The bottles are trucked to the waste 
building. Every  build- 
ing in which radioactivity is used is 
equipped with at least two retention 
tanks. These are usually of 1,500-gal 
capacity and when one is full the liquid 
automatically spills over into the see- 
ond, and the first is monitored. The 
the tank are recirculated 
within the tank; then a sample is taken 
and analyzed for gross alpha and beta- 
gamma activity. 


every 


processing 


contents of 


If a sample of any given waste has 
more than 1,000 dpm/ml gross alpha 
activity the 
the waste proe- 
(Figure 3). If the 
activity is between 100 and 1,000 dpm 


ml, the sample 


plus beta-gamma waste 


must be trucked to 
essing building 


is analyzed for alpha 
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activity. If the alpha activity is above 
5 dpm/ml, the waste is trucked to the 
waste processing building. Ifthe alpha 
activity is below 5 dpm/ml, the sample 
is analyzed for Sr®®; if the Sr®*° is over 
10 dpm/ml the waste is trucked to the 
waste processing building. But if the 
Sr°’ activity is less than 10 dpm/ml 
this waste can be discharged to the 
laboratory sewer. If the sample con- 
tains less than 100 dpm/ml gross alpha 
plus beta-gamma activity the waste can 
be discharged to the laboratory sewer. 
These tolerance levels are given as fol- 
lows: 


1. If gross activity is > 1,000 dpm/ 
ml, contents of retention tanks must be 
processed. 

2. If gross activity is < 100 dpm/ 
ml, contents of retention tanks may be 
discharged to laboratory waste treat- 
ment plant via lab site drain. 

3. If gross activity is between 100 
and 1,000 dpm/ml, analyze for alpha 
activity. 


a. If alpha activity is > 5 dpm/ml, 
process contents of retention tank. 

b. If alpha activity is <5 dpm/ml 
analyze for Sr’. 


(1) If Sr* is > 10 dpm/ml proe- 
ess contents of retention tank. 


FIGURE 3,—Delivery of liquid radioactive wastes to waste processing 
building by portable tanks. 
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FIGURE 4.—Unloading small batches of low-level liquid radioactive 
wastes at waste processing building. 


If is < 10 dpm/ml waste 
be discharged to labora- 


tory waste treatment plant. 


may 


All liquid wastes discharging from 
Argonne National 
creek must meet tolerance levels set by 


Handbook 69 (1 


Laboratory to the 


Plating Waste Treatment Plant 

The plating waste treatment plant 
handles the 
buildings and is a typical plating waste 
treatment plant. Acids are 
with sodium hydroxide ; 


wastes from metallurgy 
neutralized 
eyanides are 
oxidized with chlorine in alkaline solu- 
tion to cyanates; 
by sulfur 


chromium is reduced 
and uranium, if 
present, is precipitated as the 
ide. The monthly 

1960 was 34,300 gal, the maximum be- 
ing 71,500 and the minimum 13,800 gal. 


dioxide; 
hydrox- 
for 


average flow 


Radioactive Waste Processing 


For handling radioactive wastes. 
every effort has been made to comply 
with the requirements of Handbook 69. 
To accomplish this, many controls and 
built 


All laboratory drains in 


safety devices have been into 


the system. 
which there may be any possibility of 


radioactivity, including those in any 
building where radioactivity is handled, 
lead to 
1,500-gal capacity. 


retention tanks, usually of 


There are at least 
building, and in the 
buildings there are two for every wing. 
When fills, the auto- 
matically spills over into second 
to 
whether or radioactivity 
the All 


known to be radioactive are kept in 


two in a larger 

waste 
the 
determine 


one tank 


time 
not it 


tank, allowing 
has 
above tolerance level. wastes 
size 
of the 


however, 


separate containers ranging in 
from 100 ml to 200 gal. Most 
containers in this eategory, 
are 6-gal polyethylene bottles. Figure 
4 shows a group of these being de- 
livered to the waste processing build- 
ing. 

It cannot be over-emphasized that 
the tolerance levels set at this point are 
fixed that the amount of 
tivity leaving the site never exceeds 
that allowed Handbook 69. The 
tolerance levels are based on the volume 


so radioae- 


by 


of wastes and the dilution obtained for 
this site and are not necessarily those 
for any other site. This is no different 
from the rules a sanitary engineer or a 
state health department would set up 
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to determine the quantity of waste 
which may be discharged by any mu- 
nicipal wastewater treatment plant or 
any industrial waste treatment plant to 
any river. Factors to be taken into 
consideration include the specifie con- 
ditions of the plant, the volume, the 
coneentration, the stream flow, and the 
other demands on the stream below the 
outfall of any particular plant. The 
tolerance limits may be too lenient for 
some plants, whereas others might be 
allowed to discharge more activity than 
Argonne can. The creek leaving the 
Argonne National Laboratory 
times has no flow and the Des Plaines 
River in summer may have a very low 
flow. 


some- 


The four main methods of processing 
radioactive aqueous wastes at Argonne 
are as follows: 


1. Filtration. 

2. Flocculation. 

3. Cation-exchange. 

4. Evaporation and concentration. 


It is often asked what the criteria 
may be for determining which of these 
should be used. Although 
different, the general 
plan is outlined in Table I, which is 
the which a treatment deci- 
sion is made, although daily operation 
brings up as many exceptions as situa- 
tions answering the rules. 


processes 
each waste is 


basis on 


Filtration 


When radioactivity is to be handled, 
much care must be taken in order not 
to contaminate the surrounding area or 
personnel. Therefore, it is better to 
use a type filter which does not require 
dismantling for cleaning. The contin- 
uous-type filters used each have a ea- 
pacity of 200 gph, and the filter ele- 
ment is porous stone with pores of 
12-1 size. After a precoat of celite 
or vyoleanic ash is put on the filter, 
the run is until the 
drop is so that the flow is 
At this point the 


made 
great 


greatly retarded. 


pressure 
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TABLE I.—Criteria for Determining Processing 
Method for Aqueous Wastes 


Method Criteria for Method 


Filtration 1. If suspended solids are 
present and gross radio- 
activity <500 dpm/ml 

2. Prior to ion-exchange 

Floceulation 1. If gross activity <1,000 


dpm/ml, and 
2. If pH is below 6.0, and 


3. If Sr® <10 dpm/ml 


Ion-Exchange 


Cation 1. If total solids <1,000 
mg/l, and 
2. If gross activity <2,000 


dpm/ml, and 
3. If pH <7.5 


Mixed Bed 1. Reactor wastewater 
2. If total solids <1,000 

mg/l and pH <7.5 
Evaporation 1. Aqueous wastes which can- 


not be processed by the 
other methods, except 
those which con- 
tain ammonium nitrate 


wastes 


run is stopped, the filter is backwashed, 
and the precoat is run into a 55-gal 
drum. If the precoat contains radio- 
activity above tolerance levels, it is 
processed by evaporation. The filtrate, 
however, goes to a 3,200-gal holding 
tank. Each tank has its specifie pur- 
pose. This makes it possible to keep 
from contaminating those tanks which 
would hold low-level activity. 

At the end of a filtration run the 
filtrate is counted for alpha and beta- 
gamma activity. If the activity is be- 
low the tolerance level, the filtrate may 
be discharged to the laboratory sewer 
without further processing. This sel- 
dom happens, although perhaps two or 
three year filtration will re- 
move the radioactivity. However, most 
‘adioactive nuclides are in solution so 
filtration is not very effective. Never- 
theless, filtration is always used prior 
to the cation exchanger so the ex- 
changer will not act as a filter. 


times a 
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Flocculation 


In the strictest sense flocculation is 
not used at Argonne. It 


found that when the laboratory wastes 


has been 
are below 1,000 dpm/ml gross activity 
and the pH is below 6, the addition of 
flake sodium hydroxide to pH 13, mix- 
ing, and settling the overnight 
DE 
possible 
the 
laboratory site drain without further 


waste 
vives a decontamination factor 
of about 10. This 
to discharge the 


makes it 
supernatant to 
processing. Because the tanks are not 
hopper-bottomed, the floc is less dense 
than it Nevertheless, it 
usually is possible to discharge at least 
1,300 gal of supernatant from a 1,500- 
gal tank further treatment. 
The watery floc is further reduced in 
volume by the 
supernatant can be discharged into the 


might be. 


without 


evaporation Betore 
laboratory sewer it must be monitored 
by determining the alpha and _beta- 


gamma activity. Floceulation is not 


used if the waste contains more than 10 


dpm,ml of Sr® 


lon-E.cchange 


F ig- 
ure 5) in the waste processing building 


A 314-cu ft cation exchanger 


is used for processing wastes with a 
1,000 
mg/l, gross activity of less than 2,000 
dpm/ml, and pH between 1 and 7.5. 
Wastes having a higher total solids con- 
tent or pH can be handled; but if they 
are, the capacity of the ion-exchanger 


total solids content of less than 


is used mainly for removing the in- 
For 
cation exchange it has been found that 


active highly-concentrated ions. 


best results are obtained with a waste 
of pH 2.5. Therefore, after filtration 
the pH is adjusted to 2.5 nitric 
acid. The acidified waste is then passed 
through the cation-exchanger at the 
rate of 400 eph. 
at 30-min intervals and analyzed for 


with 


Samples are 
hardness, because the breakthrough of 


cpm in feed 
* DF = 
epm in supernatant 
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id 


FIGURE 5.—A 3?/2-cu ft cation exchange 
column used for processing radioactive 
wastes. Stainless steel 55-gal drum at left 
is used for preparing the regenerant, 6 N 
nitric acid. 


the cation-exchanger takes place when 
the calcium and magnesium ions start 
to pass through the exchanger into the 
effluent. 


means of 


Hardness is measured by 
titration. If the 


hardness in the original waste had also 


versene 


been determined and if the eation ex- 
changer had just been regenerated, or 
was a cation 


new rough 


amount of 


resin, a ap- 


proximation of the waste 
which can pass through the exchanger 
before breakthrough may be calculated. 
The Naleite HCR-H’, 
which has a capacity of 30,000 grains 
cu ft. 


hess of 0.51 me 


resin used is 
For example, with a waste hard 
| about 3.500 gal ean 
be processed before the exchanger is 
exhausted. 

Therefore, as the 3,000-gal limit is 
approached samples are taken about 


‘ 

Pex 
| 
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every 15 min, equivalent to 100 gal, in 
order to test for hardness so as not to 
pass the breakthrough point. It has 
been found that if the waste does not 
contain Sr®°, or contains only low 
amounts of Sr*, say less than 10 dpm/ 
ml, and Ru'’® not to exceed 4,000 dpm/ 
ml, it is possible to pass large volumes 
of wastes through the exchanger be- 
yond the breakthrough point and still 
get a Decon- 
break- 


decontamination of 5. 
tamination prior to 


through are from 30 to 10. 


factors 


Although there are no mixed-bed 
exchangers in the waste processing 
building, there is a 20-cu ft one at the 


laboratory waste treatment plant. This 
is just an added precaution to be used 
contamination in one of the 
68,000-gal retention tanks at that plant 
is above maximum 


in ease 


permissible level. 
These ion exchange units also may be 
used to handle wastes from the EBWR. 
When the total solids content is very 
low (less than 10 mg/l), it is expected 
that almost any amount of activity 
could be removed by means of the 
mixed-bed exchanger if it should be 


necessary. 
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Evaporation and Concentration 


Aqueous wastes which cannot be 
processed by the previous three meth- 
ods are evaporated unless the wastes 
contain ammonium nitrate, which re- 
quires special treatment. 

The evaporation is carried out in a 
150-gph, single-effect, stainless steel 
evaporator comprising a steam chest, a 
separator chamber, an overhead con- 
denser, a constant-head feed tank, and 
control instruments. The steam chest 
is 18 in. in diameter and contains 58 
5-ft long, 114-in. BWG-16 tubes provid- 
ing 106 sq ft of heat transfer surface. 
Vapor and entrained liquid leave the 
steam chest through a centrifugal sepa- 
rating section and enter the separator. 
The separator is 20 in. in diameter and 
13 ft high and the entrained liquid is 
eaught in this chamber where natural 
circulation returns it to the steam 
chest. The vapor passes through the 
separator vapor space and is more 
completely de-entrained by a centrifix 
scrubber and reflux if desired. Vapor 
is condensed in a triple-class surface 
condenser and is returned to a 3,200- 
gal storage tank for monitoring. 
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FIGURE 6.—Flow diagram of waste treatment by evaporation. 
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In foreground 


are small batches of liquid active wastes awaiting processing. 


The bottoms from the evaporator are 
further concentrated in a 30-gal auto- 
clave that is steam-heated and operated 
under vacuum. The waste is concen- 
trated as much as possible, with the 


hope that the final bottoms as dis- 


charged into a 55-gal black-iron drum 
will solidify on if they do 
not, into the 
heavy mixture to absorb the moisture. 
The 55-gal and 
the solids are temporarily stored in 


cooling 
vermiculite is thrown 


drums are monitored 


steel bins inside conerete vaults until 
they are later shipped to the Oak Ridge 
National burial. 


Laboratory for final 


During the evaporation process it may 


be necessary to use an antifoam. 


The overheads discharge to a 3,200- 


gal condensate tank where they are 
monitored. If maximum 
permissible level they are discharged 
Usually 
the overheads have less than 1.0 dpm 
and than 10 
dpm/ml beta-gamma activity. Figure 
6 is a flow diagram of the evaporation 


below the 
to the laboratory site drain. 


ml alpha activity less 


process. An over-all view of the evapo- 
shown in 


with small batches of wastes 


and concentrator is 


Figure 7, 


rator 


in the foreground. 


Organic Wastes 


The two types of organie wastes, in- 

are the 
They not 
only require separate handling but also 


flammable solvents and oils, 


most troublesome to process, 
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Many oils today 
are non-inflammable and are synthetic 
rather than 


oils; because the 


are time consuming. 
natural petroleum-based 
volume is not too 
large, perhaps 250 gal per year, these 
oils are absorbed into vermiculite. If 
inflammable are in- 
volved they are usually distilled at re- 


organic solvents 
duced steam pressure under vacuum in 
the 30-gal concentrator. If, however, 
they are mixed with aqueous wastes 
and contain two phases, it may be nee- 
essary to wash these with sodium ear- 
bonate in order to get the activity in 
the aqueous solution and then separate 
the phases. 

Small 


are handled as a group as much as pos- 


batches of radioactive wastes 


Occasionally the Federation learns of complete 


for sale 


Since these 


the Federation is happy to make what arrangements it can 


buyer and seller together 


JOURNAL WPCF 


FULL SETS OF JOURNALS AVAILABLE 


are unusual opportunities to obtain reference 


Anyone interested in a set is urged to contact the Federation office. 


CORRECTION 


August 1961 
sible. The scientist who has the waste 
must make out papers (Figure 8) stat- 
ing both the chemical and radioactive 
contents of the waste. By doing this, 
it is possible for the waste processing 
personnel to process compatible wastes 
at one time or to mix them with reten- 
tion tank wastes. It also makes it pos- 
without 
hazard to personnel or equipment. 


sible to process the wastes 


Reference 


lL. U. S. Dept 
of Standards Handbook 69, ‘‘ Maximum 


of Commerce, National Bureau 


Permissible Body Burdens and Maxi 
mum Permissible Concentrations of 
Radionuclides in Air and in Water for 
Occupational Exposure.’’ U. 8. Govt. 
Printing Office, Washington, D. C. 
(June 5, 1959 


sets of the JOURNAL 


Recently two virtually complete sets became available. 


volumes, 
to bring 


On page 757 of the July issue the photo showing Roger E. Risley, 


Vice-President Director of 


and 


Engineering, 


] yre 


Manufacturing 


Division, Dresser Industries, incorrectly identified him as being on the 
right. 


Mr. Risley is on the left. 


\ 
\ 
: 
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TIPS AND QUIPS 


Legislation to Control Syndets 


Information recently was received 
relative to new legislation in Germany 
aimed at the control of detergent manu- 
facture, distribution, or The in- 
formation is summarized as follows: 
A bill introdueed in the 
German Parliament (Bundestag) which 
would make it unlawful to manufac- 
ture and/or distribute or use certain 
detergents and/or detergent composi- 
containing such surface-active 
compounds as addends to washing, 
cleaning compositions 
if such substances do not 


use. 


has been 


tions 


laundering, or 
or products 
meet prescribed standards with respect 
to either their biodegradability or de- 
composition in water. Only permis- 
sible for use as synthetie detergents 
would be substances that can be sub- 
jected to biological degradation, in wa- 
ter purification plants, in natural wa- 
ters and/or in the soil. Furthermore, 
the proposed bill would allow use only 
of those synthetic detergents, the prod- 
ucts of whose biological degradation 
and/or decomposition do not produce 
harmful effects on human, animal, or 
marine life—or bring about develop- 
ment in potable waters of objectionable 
physical characteristics. 

The bill is sponsored by some 50 
members of the Bundestag. The first 
reading of the proposed legislation took 


place on December ‘2 1960. The bill 
was referred without debate to the 
responsible committee 


parliamentary 
dealing with atomic energy and water 
resources, 

The proposed legislation also covers 
briefly matters dealing with the estap- 
lishment of inspection procedures and 
with penalties to be applied (a) for 
misuse of proprietary information, and 
(b) for noneconformance with the pur- 
poses and intent of its provisions. It 
is further proposed that the legislation 
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go into effect on a transitional basis on 
October 1, 1961, with the establishment 
of minimum standards for products 
eventually to be prohibited, to allow 
manufacturers and formulators of de- 
tergent compositions to adapt them- 
selves gradually to meet the new re- 
quirements. 

Technical justification for the pro- 
posed legislation is given in an ad- 
dendum to the text of the bill. It is 
pointed out that synthetic detergents 
derived from erude oil have been used 
to an increasing extent during the past 
10 yr to replace the fatty acid soaps. 
A product known as TBS (chemical 
composition tetrapropylene-benzenesul- 
fonate) has captured 70 to 80 per cent 
of the synthetie detergent market. This 
substance is a petrochemical product 
belonging to the class of synthetie de- 
tergents known as alkylaryl sulfonates. 
From the point of view of its useful- 
ness as a surface-active material and 
detergent it is one of the most effective 
substances to have been developed. 
However, it also possesses some marked 
disadvantages since it is degradable 
only to the extent of 20 to 30 per cent 
in the usual water clarification and 
purification facilities. It also causes 
excessive foam formation in inland 
rivers and waters and because of this 
fact makes difficult elimination of other 
impurities also present in various in- 
dustrial and sewage effluents. Because 
of its limited degradability, a not inap- 
preciable quantity of TBS finds its way 
back into industrial and potable waters. 
There is thus danger of gradual en- 
richment of undesirable constituents. 
Furthermore, it is adsorbed in the soil 
and is not destroyed as are fatty acid 
soaps. This adsorption entails forma- 
tion of films around colloidal soil par- 
ticles and thereby reduces the normal 
purification and filtration efficiency of 
such soils. There thus arises the dan- 
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ger that not only TBS, but also soil 
bacteria and viruses that are normally 
eliminated in the soil, are not destroyed 
and will gradually contaminate ground- 
waters, 


Tests have shown that the ground 
waters in some areas already contain 
appreciable quantities of TBS. In in- 
dustrial areas drinking water has been 
found to contain as much as 1.5 to 1.7 


mg/l, causing such waters to foam un- 


duly and imparting an objectionable 


taste. Rivers and streams flowing 
through highly industrialized and 
densely populated areas are also con- 
taminated. 
ticeable during the dry summer of 1959 
when the Rhine River found to 
contain 0.4 to 0.7 mg/l of TBS in ad- 


dition to other industrial contaminants 


This became especially no- 


Was 


such as salts, phenols, oils, ete. 


Pharmacological study has shown 
that these detergents are toxic to micro- 
High have 
effect on life. 
Studies thus far earried out on humans 


but 


organisms, concentrations 


deleterious marine 


have revealed no ill effects, such 
studies have only been under way for a 
relatively short period of time and are 
therefore not to be 
clusive. Quite apart from the fact that 


the drinking water suffers in taste and 


considered as ¢on- 


develops objectionable physico-chemical 
i that 
ingestion of such materials by human 


properties, it is argued constant 
beings may eventually be harmful. 
The 


ically aimed at prohibiting the use of 


proposed legislation is specit- 
detergents wl ich are not decomposed 


or degraded in water purification 
plants, in natural waters, whether the 
latter be stream or lake waters, or 
is fur- 


thermore made that there are now avail- 


ground waters. The statement 
able synthetic detergents which do not 
suffer from these undesirable character- 
istics and which Can be degraded bio- 
It is, however, admitted that 
industry must be 


logically. 
given an opportunity 
to adjust itself production wise to the 
new requirements. A two-year period 
is believed to be sufficient, since chemi- 
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cal industry has recognized the health 
hazards created by some of its present 
products and has therefore undertaken 
appropriate research to develop new 
products. 


Fish Hatchery 


Can you match this fish story? John 
Skinner, City Superintendent at Ben- 
ton, Kansas, uses the final clarifier of 
his Imhoff tank-trickling filter plant as 
a fish fish 
habitants, blue gill, bass, and crappie. 


pond. Game are the in- 
They have been in the basin for at least 
three years and now range up to 14 in. 
There is a hatch every spring but many 
of the the re- 
circulation flow to the Imhoff tank. 


small ones are lost in 


Don’t Shoot 


Editors call themselves ‘‘We’’ so 
that the person who doesn’t like an 
article will think that there are too 


many for him to lick. 


This Is for the Birds * 


Sewage lagoons and sea gulls may be 


affecting water supplies using open 


reservoirs. Since the installation of a 
lagoon at 


the Aberdeen 
departments 


50-aere 
Washington, 
quiam 

trouble 


sewage Hoquiam, 
Ho- 
had 


contamination in 


and 
water have 
with water 
their reservoirs. 


feed in the 


Apparently the birds 
then take a 
cleansing bath in the city reservoirs. 
The and 
hanging their bodies around the reser- 
voir partially 


keeping the other birds away. To shoot 


lagoon and 


shooting ot a few birds 


has been successful in 
the birds it is necessary to obtain a per- 
mit from the U.S. Sports Fishing and 
Wildlife Section of the Department of 
the Interior. 
can't it? 


Life can be complicated, 


*From Newsl 
lution Control 


tter Pacific Northwest Pol 


Association, Vol. 6 ( Dee, 1960) 
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TIPS AND QUIPS 


Engineers in Government 


A bill is now in Congress which, if 
successful, would establish separate 
classification and compensation for pro- 
physical 
science positions in government service. 
The bill would establish a 10-grade 
‘*Professional- Engineering -Scientifie’’ 
schedule for professional-level engi- 
neers, physical scientists, and mathe- 
maticians, with salaries starting at 
$6,400 and going up to $20,000. 

For those of you who don’t remem- 
ber, it has been 12 years sinee the ‘‘P”’ 
(Professional) category was abandoned 
in civil service. 


fessional engineering 


New Look in Sewage Treatment 


The accompanying photograph (Fig- 
ure 1) shows the architects rendering 
of the new look in treatment plants. 
This is the $11l-million lona Island 
Sewage Treatment Plant, Vancouver, 
B. C. The plant is due for completion 
in 1962 and will serve Vancouver City 
and some of, the surrounding area 
within the Greater Vancouver Sewer- 
age and Drainage District. Engineer- 
ing design is being done by Brown and 
Caldwell, San Francisco, and Crippen 
Wright Engineering Ltd. of Van- 
couver. 


Improve your Writing 


To eliminate the many empty, book- 
ish, formalistic, and legalistic words 
and phrases which have crept into 
business writing and speech (here de- 
fined as ‘‘non-working’’), substitute 
words and phrases. Ex- 
amples are: 

Instead of Use 
accomplish do 

with respect to for, about 

after the manner of like 

effectuate earry out 

by means of by 

ascertain find out 

connection is made by conneeted by 

for the purpose of for 

designed to fit fit 

in the nature of like 

due to the fact that 

in order to to 

in the event that if 
subsequent to 


because 


aiter 

is dependent upon depends on 
avail yourself use 

it is necessary that must 

is equipped with has 
pertaining to about 
possess have 

prior to 
provided if 
exhibits shows 
defined as is 


before 


The words and phrases in the first 
column detract from readability. Over- 
use tends to make the reader feel you 
are trying to show your erudition. In 
plain English, you're a snob. 


FIGURE 1.—Architects rendering of Iona Islan 
Vancouver, B. C. 
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Every profession and specialty has 
its specialized vocabulary—idioms, 


cliches, and word usage which are a 
kind of shorthand for communicating 
between people within this specialized 
area. Skip this when writing for a lay 
audience. 

Unless you are a lawyer, stop us- 
ing the ‘‘hereafter family ’’—herewith, 
hereto, hereafter, whereon, wherefore. 
whereunto, whereinbefore, therein. 
aforesaid, afore- 


mentioned, and theretofore. 


thereon, thereinbefore. 


Reading maketh a full man 
Conference a ready man 


Writing an exa 


ct man 


Francis Bacon 


United Engineering Center Statistics 


Location: United Nations Plaza (First 
Avenue), occupying full block be- 
tween 47th and 48th Streets, in New 
York City. 

high, 


stories (283 ft 


Size: Twenty 
260,000 sq ft of floor space (gross 
eighteen stories of office space; two 


stories of mechanical equipment. 


Appearance: A slim tower of glass. 


stainless steel, and limestone rising 
from a broad two-story base of glass 


and stone. 


Facilities: 
for 400 persons, plus smaller econ- 


e space, meeting rooms 


ference rooms. Exhibit area of 6.235 


sq ft and cafeteria to seat 350. 


Library: The engineering societies li 
brary and Engineering Index will be 
housed on the second floor, with read- 
ing room facilities for 74 persons at 
a time, an ultimate capacity of 225,- 
O00 volumes. 


Ownership and Operation: United En- 
gineering Trustees, a group formed 
by the Founder Societies for the pur- 
pose. UET now owns and operates 

the 52-yr-old Engineering Societies 

Building on 39th Street which houses 


JOURNAL 


WPCF August 1961 


the societies which will lo- 


cate in the new Center. 


some of 


Architects: 


mon Associates. 


Shreve, Lamb and Har- 


Structural Engineers: Seelye, Steven- 
son, Value and Knecht. 


Mechanical and Electrical Engineers: 
Jaros, Baum & Bolles. 


General Contractor: Turner Construe- 
tion Company 


Main Entrance: On 47th Street ; lobby 
walled in marble with floors of ter- 
razzo; two corridors lead from lobby 
to meeting rooms and dining rooms 
on first floor; on the east side. a dis- 
play area will feature ceiling height 
windows. 


Elevators: Along west wall, speeds of 
700 fpm. Four elevators will be in- 
stalled to present with 
provision for two more in the future 
if needed. 


meet needs, 


Future Space: Provisions for future 
expansion of office space on north- 
west side of the building eould add 
as much as 8.500 Sq ft of floor space 

floor the 3rd to the 8th 

floors and 6,000 sq ft per floor from 
the 9th to the 12th. 


per from 


Air Conditioning: Throughout the 
building, with zoned control: water 
chilling plant is located on top floor 
with other air conditioning equip- 
ment at ground level. Steam is used 
to heat the building and furnish 
energy for operating water-chilling 
machines. 


Good Stuff 


Pollution takes many forms as dem- 
onstrated recently in Seotland. <A dis- 
tillery worker inadvertently opened the 
wrong valve and let 5,000 fifths of 
Scotch whiskey into the Bladnock 


River. This poses an interesting ques- 


How 


pickle ?’’ 


tion, many herring did this 
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MILWAUKEE IS READY! 


An Editorial 


An unparalleled technical program 
covering all angles of wastewater tech- 
nology is being prepared for those who 
will be attending the 1961 Federation 
Meeting in Milwaukee, Wisconsin, Oc- 
tober 8-12, 1961. 

Early plans for the meeting started 
by the Board’s acceptance of the in- 
vitation issued in 1956 to meet in Mil- 
vaukee this year. The Host, the Cen- 
tral States and Industrial 
Wastes Association, has been a regular 
host to the Federation. No one who at- 
tended will ever forget the 1940 meet- 
ing in Chicago. It was at this meeting, 
the first exhibits and technical 
program, that the Federation proved 


Sewage 


with 


to itself that an Annual Meeting was 
not only possible but a genuine need of 
the field. Having passed its majority 
year in 1960, it is most appropriate to 
return to the productive area of the 
Central States Association. 

For over a year the Federation Pub- 
lications and Program Committee, led 
by George E. Symons, Chairman, has 
been planning the Milwaukee technical 
program. Sessions catering to the in- 
terests of all in sewage and industrial 
wastes work have been arranged. ‘*‘In- 
dustry Day’’ which such a 
eood response at the 1960 Meeting will 
give with industrial 
sponsibilities a full ration of program 


recel ved 


those wastes re- 
eoverave. 

Milwaukee is an appropriate location 
for highlighting the pulp and paper 
industry problems. The 
concentration of this industry nearby 
in the beautiful Fox River Valley 
makes it an important factor in the 
area’s economy. This is further evi- 
denced by the fact that two of the co- 
sponsoring organizations for ‘* Industry 


wastewater 


Day,’’ The Institute of Paper Chem- 
istry, and the Sulphite Pulp Manu- 
facturers Research League are located 
in Wisconsin. Other co-sponsors are 
the National Council for Stream Im- 
provement and the Northwestern Pulp 
and Paper Association. 

In recent months, exhibitors sehed- 
uled for the Milwaukee Meeting have 
been busy preparing their displays. 
Record numbers of booths and exhibi- 
tors are assured at this largest single 
annual gathering of those engaged in 
the water pollution control field. ‘‘ At 
the time of this writing, John Stewart, 
Manager of the Water and Sewage 
Works Manufacturers Association, who 
handles the exhibit arrangements, in- 
forms us that 54 manufacturers have 
engaged more than 100 booths.’’ 

The myriad of local plans has been 
under the guiding hand of W. N. Kon- 
rad, Chairman of the Local Arrange- 
ments Committee, of the Host Associa- 
tion. Helping him in this task have 
been L. D. Knapp, Assistant Chairman, 
and the following Subcommittee Chair- 
men: Ray D. Leary, Finance; Lester 
Schier, Inspection Trip; William Siv- 
yer, Entertainment; B. Victor Pfeiffer, 
Events; Fred O. Sullivan, Registra- 
tion; Thomas T. Hay, Local Host; and 
Mrs. William Sivyer, Ladies Entertain- 
ment. 

All receiving the Federation Journal 
have been sent the Convention An- 
nouncement, a room request card, and 
a registration card. If you need others, 
please request them from the Federa- 
tion office. Your early use of these 
cards will assure you of full participa- 
tion in the largest gathering of workers 
for water pollution control. 


R. E. F. 
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NEWS AND NOTES 


Harold E. Orford, Professor of Sani- 
tation at Rutgers University, 
illness. He had 

the 


work tor 


died recently 


long heen 


after a 
in committee Federation for 
many years, 


Herbert Mt Clare has been appointed to 


membership on the Missouri Basin Inter- 
Ageney Cor ittee to represent the U. S 


Health, Edueation, and 
Ile replaces Glen J. Hopkins, 
the Publie Health 
serving as 


Mo., Water 


Department of 
Welfare. 
who is on leave trom 
Service, and who is at present 
Director of the Kansas City 
Pollution Control Departn ent. 

Mark B. Owen, Vice-President of 
Nichols Engineering & Research Corpo- 
ration is heading up the newly-formed 
Public Works Equipment Division of the 
firm. 

George L. Sodemann, of 
and 


Sodemann 


Associates, Champaign, Ill., recently 


Asso- 
Among 


Illinois 


was elected President of the 


ciation of Consulting Engineers. 
other officers elected in the same 


tion were: 


organiza- 
Robert E. Hamil- 
ton, of Robert E. Hamilton Consulting 
Engineers in Joliet; and Director, Charles 
W. Greengard of Charles W. Greengard 
Associates in Deerfiel 

Francis S. Friel, President of Albright 
& Friel, Inc., and Past the 
Federation, has added another honor to his 
extensive 


secretary, 


President of 


accomplishments. He 
the 


awarded 
Doetor of Science 


recently 
was honorary degree of 
at Villanova University. 
This award is added to earlie1 receipt of 
Doctor of Engineering 
Doe- 
University, 
Mil- 
Engineering 
Science from Lafavette College. 

Everett J. Weaver is now 
Midwest District Sales Manager 
fll., for Rhodia Ine. 

Grant H. Potter, former Senior Partner 
of Charles A. Maguire & Associates, 
n Providence, R. T, 

Allen I. Berry is representing Capital 
Controls Milton, Mass.; 


honorary degrees of 
from Drexel Institute ol Technology, 
tor of 

Doctor of Laws 
itary College, and 


Laws fron Scranton 


Lrom 


Pennsylvania 
Doctor ot 


Assistant 


in Skokie, 


died recently 


Company 


trom 


People and Events in the Wastewater Field 


active 


SS6 


and Walter D. Taft, Head of Walter Taft 


Associates, will represent the same firm 


from Swarthmore, Pa. 
Jerome Wilkenfeld, 
N. Y., Technical 


Eastern 


Niagara Falls, 
Superintendent of the 

the Hooker 
been named 
Abate 
Manufacturing 


and Jack Le 


Chemical Division of 


Chemical Corporation, has 
the Water 
Committee of the 
Chemists’ Association, Ine.: 
Garrett, Mo., Industrial Hy- 
gienist of the Monsanto Chemical 
is MCA Vice-Chairman. 

Nalco Chemical Company is the new 
name for National Aluminate Corpora- 
tion. 

Seymour Zubkoff is now a principal 
the staff of the 
New York. He currently is 
on assignment in Saigon, Viet Nam. 

Lock Joint Pipe Company, 
Orange, N. J., has the 
Davis Paterson, N. J., 


fabricator of polyvinyl 


Chairman ot Pollution 


ment 


IX rkw ood, 


Com 
pany, 


engineer on Hydrotechnie 


Corporation, 


Kast 
acquired Oscar 
Company, Ine., 
chloride 
valves, fittings, and other specialties, 
Harold B. Gotaas, Dean of the Teeh- 
nological Institute at Northwestern Univer- 
sity, the 


rigid 


has been appoimted by [llinois 


Lakes ( 


He also has been named the civil engineer 


governor to the Great ommMIssion, 
ing member on the Committee on Govern- 
ment Matters Related to Engineering. of 
the Engineers Joint Couneil. 

Lorenz S. Morgan is now Director 
Health the Bueks 
County Department (Pa.). He 
had State Health Depart- 
ment for 36 vr prior to this assignment. 

James A. Lindsey is a Director of 


the newly-formed Alpha Engineering Com- 


of Environmental 
Health 


with the 


for 


been 


pany, a combine of six Minneapolis, Minn., 
engineering firms, each representing a spe- 
cialization in the field. 


Lee T. Purcell, Paterson, N. J.. 


was 

elected President of the five member New 

Jersey State Board of Professional Engi- 
neers and Land Surveyors. 

Joe H. Latimore, Manager of Twin 


Falls, Idaho, for the last eight years, has 
been appointed Manager of Reno, Nev. 
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New Process of Sludge Treatment in 
Sewage Treatment Plants. By G. 
MULLER-NEUHAUS AND W. NoAcK. Gas- 
u. Wasserfach, 101, 12, 285 (1960). 


A new process of handling sludge is 
deseribed. 

The Emschergenossenschaft in Germany 
has developed a new process of sludge 
treatment which is called “Filter Generator 
Process.” In this process raw sludge from 
sewage treatment works is thickened in a 
thickening tank to reduce the moisture con- 
tent of the sludge. Further dehydration 
of the thickened sludge is effected by filter 
pressing. The dried sludge passes a bri- 
quetting unit before being collected in a 
storage tank. From the storage tank the 
sludge is charged to a vertical gas generator 
which has a feeder at the top and an ash 
remover at the bottom. The analysis of the 
gas produced in a pilot plant was as fol- 
lows: 


Per Cent 

Gas by Volume 
Carbon dioxide 9.2 
Oxygen 1.5 
Hydrogen 12.1 
Methane 3.2 
Carbon monoxide 14.9 


Other gases, mainly nitrogen ~ 60 


The ealorifie value of the gas was about 
130 Btu/eu ft. The production of gas 
amounted to about 43 eu ft/lb of dry solids 
of the sludge. 

W. J. MULLER 


Intensification of the Biochemical Puri- 
fication of Industrial Effluents. I. Mi- 
crobiological Characteristics of Ac- 
tivated Sludges for the Purification of 
Various Industrial Effuents. By Ts. I. 
RoGOVSKAYA AND M. F. LaZareva. Mi- 
krobiologiya (Russian), 28, 4, 530 (1959). 
A study of the microbiology of activated 

sludge plants treating various industrial 

wastes was made. Twenty-one strains of 


Please send to Federation he adquarters 
which might be suitable for abstracting in T 


partments, stream pollution control agencies, 


tions are particularly desired. Address such 


1435 Wisconsin Ave., Washington 16, D. C. 
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bacteria were isolated. The following mem- 
bers of bacteria were found: Pseudomonas, 
Bacillus, Bacterium, Sarcina, and Micro- 
coccus. Of these Pseudomonas oceupied the 
leading position, accounting for 50 to 83 
per cent of the isolations. It was followed 
by Bacillus (8 to 33 per cent). The rest 
of the genera made up the smaller percent- 
age. Gram-negative, non-spore forming 
bacilli predominated. All the strains iso- 
lated could assimilate mineral nitrogen and 
possessed denitrifying power. Lactose fer- 
menting forms were in the minority, but 
glucose, sucrose, and maltose fermenting 
power was more common. Eighty-three to 
91 per cent of the species isolated from 
sludges treating phenolic wastes had phenol 
oxidizing power. 

The isolated strains were inoculated into 
sterile sewage and aerated with renewal of 
substrate to determine their floe producing 
ability. The results showed that all the 
isolated strains were capable of producing 
floc and that the oxidizing capacity of 
sludges formed from a mixture of strains 
was significantly higher than those formed 
from a single strain. 

H. HevuKeELEKIAN 


BOOKS, REPORTS, 
PAMPHLETS 


Man and the River. The Story of the 
Delaware River Basin. By the Inter- 
League Council of the Leagues of Women 
Voters of the Delaware River Basin. 
League of Women Voters of New Jersey, 
Newark, N. J.; League of Women Voters 
of New York, New York; and League of 
Women Voters of Pennsylvania, Wilkes- 
Barre, Pa. 54 pp. Price, 50¢ (1959). 


The interrelationships of land and water 
and recommendations for the management 
of land and water in the Delaware River 
Basin. 


all periodicals, bulletins, special reports, ete., 
HIS JOURNAL. 
research organizations, and edueational institu- 
material: 


Publications of public health de- 


Water Pollution Control Federation, 
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Chlorine Manual. 3rd Ed. 
Institute, New York. 32 pp. 
(1959). 


The Chlorine 


Price, 50e 


Improved edition of the chlorine man- 


ual. Liberal use of illustrations in a well 


organized publication. 


Flood Control in Ohio. By Mines M. 
Dawson. Rept. No. 5, Ohio Water Plan 
Inventory, State of Ohio Department ot 
Natural Res Division of Water, 
Columbus, Ohio. 130 pp. Price, $1.00 
(1959). 


Urces, 


Detailed coverage of 131 existine 
Ineludes 69 


f or pro 
posed flood control project 
illustrations of 
showing location and status of all 


projects and a large map 


projects. 


Open-Channel Hydraulics. By Ven 
CHow. MeGraw-Hill Book 
Ine., New York. 680 pp. Price, $17.00 
(1959). 


Company, 


A text covering both theory 
and 


and practice 


dealing with the design for flow in 
open channels and their related structures. 
Theory is introduced first and then applied 
Pra tical 


overage 


to design problems. examples 


are advantageously used. deals 


mainly with current American practice but 


related information from other 


countries. Material is divided into basic 


flow. varied flow, 


steady 


principles, uniform 


and un flow. 67 


illustrations, 319 


rapidly varied flow, 
illustrative examples, 282 


problems, and 810 references. 


Water for Recreation—Today and To- 
morrow. Water 
for the Delaware River Basin, 


(1959 


Foundation 


Philadel- 


Research 


phia, Pa. 26 


relations bro- 


Color-illustrated 
chure, 


public 
I 


The Chemical Industry Facts Book 1960- 
1961. Fourth Ed. Manufacturing Chem- 
ists Association, Ine., Washington, D. C. 
163 pp. (1959). 


Price, $1.25 


An excellent piiation ot 


facts about the chen 


List of Publications. 
Advisory Board, Nation: 
Sciences, National 
Washington, D. C. 


Researeh Couneil, 


11 pp. (1959). 
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Ground Water Hydrology. By Davin K. 
Wiley and Sons, Ine., New 


Price, $10.75 (1959). 


Topp. John 
York. 336 pp. 
A comprehensive account of the funda 

mentals and recent methods and problems 

field of 


future role ot 


encountered in the cround water 


hydrology. overs rround 
water as a major source in 


the The 


pollution is covered in some detail. 


water supply 


rround water 


rnificanee of 


Water Meters, Selection, Installation, 
Testing, and Maintenance. AWW4 
M6 Meter Manual. American Wate 
Works Associ 2? Park Avenue, 
New York 


(1959). 


$1.25 


Price, 


nual covering the essentials 


Illustrated ma 


selection, installation, 


of cold-water 


testing, and 


anee, 


A Training Course in Water Utility 
Management. AWWA Manual 
Americar Water Works Association, 


New York ] pp. Price, $2.00 (1959). 


The first 


chapters cover such topies as 


eries of ed 1eational man 


vais, 
] ] 
rate schedules, ser ce regulations, legal re 


Sponsipiitv, aceour no, operation, 


safety 


progra 


1959 Supplements to Book of ASTM 
Standards. American Society for Test- 
Materials, Philadelphia, Pa. 10 


¢, $4.00 per part; $40 per set. 


ing 


parts, pri 


{ 


Standard specifications, tests, definitions, 


and recommended practices which are being 
revised 


Book oft 


time or 


1958 


issued for the first since 


their 
Standards. 


appearance in the 


National Water Quality Network, Sup- 
plement 1, Statistical Summary of Se- 
lected Data October 1, 1957-Septem- 
ber 30, 1958. UU. S. Dept. of Health, 
Edueation, and Welfare, Public Health 
Service, No. 663, Washineton, D. 
C. 164 p Price, $1.00 (1959). 


local 


A federal, state, and 


report on water quality determ 


cooperative 
nations of 


SUrLAact 
out the United 


waters at selected locations through 


States. 
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. CURTAIN OF FLAME’ 
NSURES POSITIVE IGNITION, 


Varec eliminates ignition problems with its new, flare type 
Fig. No. 239 Waste Gas Burner. The burner’s unique “cur- 
tain of flame” provides dependable ignition no matter how 
variable the flow of gas through the burner. There is no 
loss of pilot flame due to down draft. 


Other outstanding features of the new unit include its high 
burning capacity...an adjustable shutter on the air mix 
chamber that regulates draft...a high pedestal, packed with 
insulation to prevent freezing...and rugged construction, 
with all parts made of steel, stainless steel or heat-resistant 
cast iron. For critical service, sensing and ignition elec- 
trodes are available for remote or automatic pilot control. 
For full information on the Varec Waste Gas Burner—or 


Varec’s complete line of advanced design gas control equip- 
ment, write for Catalog S-4, Dept. JWP-1222-7. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street »* Compton, California 


Branches and Representatives in Principal Cities 
TRADE @ MARK 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


This 
list 
make 


was derived by 
every effort to 
and advertisers. 
are included. 
For an 
Write 


bers 
year 
this 
of Jo NAL. 


sentative, 


issue, 


solicitation firms JOURNAL will 
keep list current with the help of Associate Mem- 

All Associate Members and all advertisers for the past 
Many of the services and products are advertised in 
alphabetical listing see Index to Advertisers in back 
to tl Federation office for complete address and repre 


list of products and services is offered as an information aid. 
listed. 


from those 


The 
The 


(also see Diffusers, 


(Switzerland) 


Aerators Air) 
Alpha Ltd 
American Well 
Chicago Pump 
Dorr Oliver Inc 
Eimco Corp. 
Graver Water Co 
Infilco Inc 
Link-Belt Co 
Pacific Flush Tank Co 
Permutit Co., Div. of 
mutit Inc 

Smith & Loveless 
Walker Process Equipr 
Wemco Div., Western 
Yeomans Brothers 


Zimmer & Fra 


Agitators 
Link-Belt Co. 


Air Cleaning EF quipment 


ning Co 
Pfaudler Per- 


went Ins 
Machinery Co 


Westinghouse Electric Corp 

Air Compressors (also see Blow 
ers, Cor sors, and Fans) 

Chicago Pump 

Fairbanks, Morse & ( 

Komline-Sanderson Er Corp 


Worthington Corp 


Yeomans Brothers (¢ 

Air Diffusers (see Diffusers, Air) 
Asbestos Cement Pipe Products 
Filtration Equipme Corp 
Industrial Mate ( 

Johns Many e Sales Corp 

Keasbey & Mattison C 


Ash Handling Equipment 
Link-Belt Co 


Bearings 
Link-Belt Co 
Bins, Tanks) 


Biologists ee Professior 
elsewhere in this i 


Storage (see 


al Services, 
ue) 


Blowers (al ir Compressors 
Compressors, and Fans) 
Chicago Pi 
Roots-Conn i 
Dres er Ir dustric 
Sutorbilt C 
Yeomans Brothers C 
Zimmer & Frances 
Boilers 
Combustion Engi 


Building Maintenance 
ment and Supplies 
Homestead Valve Mig. ¢ 


Div. of 


slower, 


neering, In 


Equip- 


Cast Iron = Products 
American Cast Ir 
Cast Iron Pi ipe Research 
Industrial Materials 


U. S. Pipe & Foundry Co 
R. D x od Co 


Cement (see Concrete) 


( entrifuging 
I Ma 
Per Div. of Pfaudler Per- 
Chains 
( Belt Co 
I Belt Co 
vi r Mfg., Inc 
‘ hemical Feed 
ler s- Providence Div., B In- 
I Corp 
I her & Porter Co 
Graver Water Conditioning Ce 
Infi Ir 
Jeffrey Mfg. C 
K e-Sanderson Engr. Corp 
I Belt Co 
On a Div., B-I-F Industries 
Per it Cc Div. of udler Per- 
Inc 
Proportioneers Div., B-I-F Industrie 
Wallace & Tiernan Inc 
Chemicals 
) Chemical Co 
Fisher S tific Co 
General Chemical Div., Allied Chem- 
i 
Glenn Cher mical Co. 
ch 
essee Corp 
Chemists (see Professional Services, 
elsewhere in this issue 


hlorination Equipment 


ilders-Providence Div., B-I-F I: 
d trie 

Eve n Mfg. Corp 

Fis & Porter C 

Graver Water Conditioning Cc 

Wa & Tiernan c 


Clarifier E quipment (also see 
edimentati Equipment) 
\ a Ltd tzerland) 
\ icar irks 
Ralph B 
( Bel 
70 
Oliver 


( er W. iter Conditioning Co 
I 


H ge Co., Inc 

Infi Ir 

leff J ¢ 

K ne-Sanderson Engr. Corp 

Lakeside Engineering Corp 

k-Belt ( 

Permutit Co., Div. of Pfaudler Per- 
mutit 
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Walker Process Equipment Inc. 
Yeomans Brothers Co 
Zimmer & Francescor 
Clay Pipe Products 
Dickey Clay Mig. Co. 
| Ind i ( 
| Nat ‘ipe Mfrs., Inc 
Nat al § P ipe L td. (Canada) 
Rot n Clay Product C 


Tank) 
Amercoat Corp 
Centr e { rp 
( Control Co., Inc. 
Inertol Co., Inc 
K ers Co., Inc 
| Nat i] Water M ain ( leaning Co 
| Per hastens Mig. C 
Stebbins Engr. & Mfg. Co 
| Comminutors (also see Shredders 
i Grinder 
Alpha Ltd. (Switzerland) 
American Well Wwe orks 
h ump 


Jorr-Oliver Inc 
ler Crusher & Pulverizer Co 
I: 


Mig. Co 
1 & Loveless 
Proce 


s Equipment Inc. 


Ct ump Co 

I ks, Morse & Co 

K Sande n Engr. Corp 

Roots-( i 
Dr 


g 
Br thers Co 

Computers 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 


Concentrators (see Sludge Concen- 


rs) 


Concrete 
Portland Cement Assn 


Concrete Pipe Products 


American Concrete Pressure Pipe 

American-Marietta Ce 

Gr Concrete Pipe Co., Inc 

Industrial Materials 

Lock Joi ‘ipe ( 

National Sewer Pipe Ltd. (Canada) 

Portland Cement Assn 

I 


( onstruc tion Equipment 
Co 

rp 
rthington Corp 


| ¢ 
|W 


; 
» 
| 
and 
| 
if 
Sr 
Walk 
Worthington Corp 
Compressors 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


FLORIDA POLLUTION 
CONTROL ASSOCIATION 


The 11th Joint Conference of the 
Florida Sewage and Industrial Wastes 
Association and the Florida Section of 
the American Water Works Associa- 
tion was held at the Galt Ocean Mile 
Hotel, Fort Lauderdale, Fla., Nov. 13- 
16, 1960. Attendance 517, the 
largest of any meeting of the Associa- 
tion. 


Was 


At the opening session on Monday, 
the keynote address, ‘‘ Florida and its 
Future Growth,’’ delivered by 
John Boynton, Research Consultant, 
Florida Development Commission, Tal- 
Federation Past President 


Was 


lahassee. 


Mark D. Hollis also spoke at that ses- 


s10n. 


At the business meeting the name of 
the Association was formally changed 
to the Florida Pollution Control Asso- 
ciation, 

Papers of interest to those in the 
wastewater field are: 


‘*Evaluation of Small Sewage Treat- 
ment Plants,’’ by John E. Kiker, Jr., 
Professor of Civil Engineering, Uni- 
versity of Florida, Gainesville. 

Panel discussion on ‘‘The Water and 
Sewage Utility in Florida,’’ moderated 
by F. A. Ejidsness, Vice-President, 
Black and Associates, Gainesville. 
Papers presented in this discussion 
were: ‘‘ Water and Sewage Rate Strue- 
ture,’’ by Arthur W. Saarinen, Jr., 


(Continued on page 437 a) 


ODORLESS 


Above Ground 


Lower Purchase and Maintenance 
cost 

@ Maintenance Ease 

e@ Most accessible impeller on the 
market 

e@ Exclusive Davco non-clog 
self priming sewage pump. 


Write today for 
complete details and specifications 


DEPENDABLE... AUTOMATIC 
VERSATILE... COMPACT 


ASVILLE, G 


: 
“4 
* 
4s 
— 
ewage Lilt station |. | 
: |X a complete line of 
sewage lift stations. 
CORPORATIO 
P.0.BOX 270 - THOM ORGIA- CA 6-6458 


Sta 


Controls (also see Instr 
cording and Contr 
Builders- Providence 
dustries 
Chicago Pump Cc 
Fischer & Porter Co. 
Foxboro C 
General Electric ( 
Homes tead Valve 


Div., 


& Meter ¢ 


Ohmart Corp 
Penn Inst Penr 


Ce 
Permutit C Piaudler Per 


Wort 


Conveyors 
American Well Works 
Chain Belt Ce 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt 

Stuart Ce 

Webster Mig.. Inc. 


Corrosion Protection 
Amercoat Corp 
Chic ago Pun p Cc 

ntr 1 Co., Inc 


Inc 

ten Mig. C 

A. O. Smith Corp 

Stebbins Engr. & Mig. Co. 
Wallace & Tiernan Inc. 


Couplings 
Link-Belt Co. 


Diffusers, Aerators) 


n Well 


p 
Dorr-Oliver Inc. 
Eimco Corp 
Infilco Inc 
Lakeside En 
Link-Belt ¢ 
Pacific Flush Tank Cx 
Walker Proce juipment Inc 
Wemco Div stern Machinery Co 
Zimmer & Francescon 


gineering Corp 


Diffusers, Gas ( 
America an Well 
Carbor n ( 
Chic ago imp Co 
Eimco Corp. 

Infileo Ir 

WwW ather Process Equip 
Yeomans Brothers ¢ 


also see Aerators) 
Works 


ment Inc. 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc 


Varec, Inc 

Walker Proce 
Yeomans Brother 
Zimmer & Fran escon 


Distributors, Rotary 
Alpha Ltd. (Switzerland 
American Well Works 


iments, Re- 


B-I-F In- 


Meter 
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aly Carter Co 
) rr-Oliver Inc 


rp 
ngineering Corp 
( 


Flush Tank Co 
1 & Loveless 
ker Process Equipment Inc. 
Brothers 
mer & Francescon 


Dryers 
| Alpha Ltd. (Switzerland) 
t tion Engineering, Inc 


Ejec ‘tors 
Kor e-Sar Engr. Corp 
Te 

\ 


& 


Engineers (see Profession 


ewhere in thi 


al Service 


Engines (Sludge 
troleum Fuels) 


nks, Morse & Co. 


Gas and Pe- 


ha Motor Co 


Air Compressor 
mpressors ) 


lectric Corp 


I ilter Equipment, 


Mfg. Co. 


pment Corp. 
tria rials Co 
Ir 
& Mattison Co 
ne-Sanderson En Corp 
ngir ‘orp 


ker Proce ipme nt Inc 


mans Brothers Ce 
mer & Francescon 


Filter Materials 

irborundum C 

n Equipment Corp. 

r hemical Co 
Vater Conditi 
1 Materials 


Manville 


ning Co 


Sales Corp 
Filters, Diatomaceous Earth 
Graver Water Conditioning C< 
Yeomans Brothers Cc 
Filters, Vacuum (also see Vacuun 
Bird Machine Co. 
Dorr-Oliver Inc 
Eimco Corp 
Proportioneers 


Div., B-I-F Industries 


Floceulating Equipment 
Ipha Ltd. (Switzerland) 
Ameri 


} 

Ct 
Dorr-Oli Inc 

Graver We ater Conditioning Co. 
Hardinge Co., Inc. 


1eering Corp. 


Div. of Pfaudler 


Walker Proce Equipment Inc. 
Webster Mig., Ir 
Zimmer & Francescon 


Flotation Equipment 
Cha selt Cx 


iter ( nditioning Co 
i 1 Engr. Corp. 
( 


Flow ment 

Fi I juipment Corp 

I Le d Inc 

Penn Instr nts Div., Penn 


Gas Control Equipment 
Switzerland) 
Carter Co 

mp Cc 


1 Valve 
h Tar 
r 


Co. 
Penn Meter 


nt In 


as Diffusers (see Diffusers, 
as Holders, 
nances 
ta irter Co. 


Bollers, and 


i Sales Corp. 
Valker Process Equipment 


Gaskets 
Manville Sales Corp. 
Ke bey & Mattison Co. 
Gates 
Armco Drainage & Metal Products, 
ition Equipment Corp. 
trial Materials Cx 
w Gates & Valves 
ter Mfg., Inc 


Generators 
rbank 


Morse & Co. 
( 


Inc. 


Ger 


West ! I lectric Corp. 
W orp 


(also Shredders 


Grinders 


her & Pulverizer Co. 


Grit Collection 
ing E gers nt 
Switzerland) 
W 


and Condition- 


rocess Equipment Inc. 
ter Mfg., Inc 
Zimmer & Francescon 


= 
ss 
| Infilco Inc. % 
I Jeffrey Mig. 
| CE: Lakeside Engi 
| Infi I Link-B ( 
| Lakeside Permutit Co. Per- 

Link-I mutit Inc 
: 
ator | 2 
mutit I Hardinge ( Inc Komline-S 
eee Rockwell Mig. Co. K e-Sanderson Engr. Corp Yeomar ‘ 
Wallace & Tiernan Link-Belt Cx 
sctinghouse Electric Corp Nicl Engr. & Research Corp 
gton Corp Stuart Corp. 
Meter 
D ver I 
Ein Corp 
Ir Wakes Penn Inst 
Jol | Worthington Corp ( 

Rockwell Mfg. Co. 
| Varec, Inc 
| Fans (also see Walker Process Equipme 

Zimmer & Francesco 

% g in p 
| Lakeside Engineering Corp ‘ Gas) 

Ap- 

Cae Alpha erland) Ralph B. Carter Co Dorr-Oliver I ¢ 
Americal Works W. S. Dickey Clay 

( 

fic Flush Tank Co 
& Lovele | 

z 
and 
Grinders) : 
| Alpha Ltd. (Switzerland) 
| Amer Well Works 
| Chain Belt ¢ 

| | Dorr-Oliver Inc 

| Gruendler Crus 
Ein Cory | Joffre Mig. ( ; 
Gorman-Rupp Co. Veomans Brothers 
Hardinge Co., Inc. | 
Infilco Inc | 
2 Lakeside Engineering Corp. | 
Pacific Flush Tank Co. | Ch ( 
A. O. Smith Corp. Chicago Pump Co. 
Smith & Lov Dorr-Oliver Inc. 

ment Inc. Inf Inc 

| | Jeffrey Mfg. Co. 
| | Link-Belt Co 
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Lith Epition 


SETAILED COVERAGE 


THIS COUPON 


American Public Health Association (Pub- 


Standard Methods for the Examination of 
Water and Wastewater. 


lisher), American Water Works Association, 


and Water Pollution Control! Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 


wastewater. 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 


wastes, and iron and sulfur bacteria 


Special price of $8 to members of any of the 


three sponsoring organizations if prepaid; 


WATER POLLUTION 


Publication: STANDARD 
EXAMINATION OF 
WASTEWATER 


Federation 


If an invoice is necessary, 


without remittance, $10 


4435 Wisconsin Avenue, 


Member 


CONTROI FEDERATION 
Washington 16, D. C. 


METHODS FOR THE 
WATER AND 
lith Edition 


Association 


postage will be added 


Checks may be made payable to WPCF 


or 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mig. ¢ 


Equip- 


Heating Equipment 
ters and Building 

Alpha Ltd. (Switzer 

Ralph B. Carter (¢ 

Chicago Pump (¢ 

Dorr-Oliver Inc 

Eimco Corp 

General I lectric Co 

Infilco Inc 

Link-Belt Co 

Pacific Flush Tank ( 

Walker Process Equipr 


Diges- 


Ine inerators 
( fombusti n 
Niche 

Walker 
Zimpro, 


Insect Control 
Glenn Chemical Cx 
Inspection, Sewers 
Centriline Corp 

National Water Main Cleaning 


Instruments, 
Control 
Recorders) 

Builders-Providence 
dustrie 

Fischer & 

Fisher Scientific 

Foxboro 

General Electric Co 

Hach Co 

Infile 

Minneap« 

Brown 

Ohmart 

In 


Recording 


Rockwel Mig 
Wallace & Tierna 
Westinghouse Ele 


lon-Exchange Equipment 
Permutit Co., Div. of Pfaudler Per- 
mutit 
O. Smith Corp 


Jointing Materials 
Ameri an Concrete 


Inc 
Ltd. (Canada) 


ay Product ¢ 
Stebbin s Engr. & Mig. ¢ 


Joints, Mechanical 
t I 


lay Product Co. 
Smith air, Ir 


U.S pe & Foundry C 


Laboratory 
Supplies 

Filtration Equipment rp 

Fisher Scientific Cx 

General Chemical 
ical C orp. 

Hach Co. 

Stuart Corp. 


Equipment and 


Div., Allied Chem 


Lift Stations 

Daveo Corp 

Smith & Loveless 
Tex-Vit Mig. C 
Yeoman Brot hers Co 


Lighting Fixtures 
General Electric Co. 


Westinghouse Electric Corp 
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Lubricants 
i Valve Mig. Co 


meste { 
-Manville Sales Corp 


Manhole and Inlet Castings 
\merican-Marietta C¢ 
Varec, Inc. 


asonry Building Materials 
(Ameri Marietta Ci 
rt eof Cement Assn 
Price Brothers Co. 
Meter Boxes 
Johns-Manville 
Meters (Sewage, Sludge, 
Air, and Gas) 
Providence Div., 


Sales Corp. 
Water, 
B-I-F Ir 


B. Carter Co 
tion Equipment Corp. 


neywell Regulator ( 
Div 
Div., Penn Meter 


1 ower, Div 
istries Ir 
and Meter Co 

gtor orp 


Mixing Devices 


s Equipment Inc 
Div , Western Machinery Co 


ort 
Electric 
n Corp 


Corp 


Odor Control Materials 
Airkem, Inc 
nessee Corp 
ace & Tiernan Inc. 


Odor Counteractants 
Package Treatment 

Chain Belt Co 

Chi I p Co. 

Dorr ver 

Inf 

\ 1 Service Co. 

Smith & Loveless 

Walker Process Equipment Inc 
Ye rothers Co. 
Packing 

Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 


Paints and Protective Coatings 
nercoat Corp 
tol C Inc 
Inc 
Mfg. Co. 
& Loveless 
Engr. & Mfg. Co. 


Pipe, Asbestos Cement 
Industrial Co 
Johr Manville Sale Corp 
Keasbey & “Mattiso mn Co. 


Pipe, Cast Iron 
\ in Cast Ir Pipe Co 
Pipe Research Assn 
Div., Griffin Wheel Co 
trial Materials Co 
Pipe & Co. 
Wood Co. 


( 
( 
Indu 
1 
R. D 


Pipe, Clay 

W. S. Dickey Clay Mfg. Co 
Industrial Materials Co 

National Clay Pipe Mfrs., Inc 
National Sewer Pipe Ltd. (Canada) 
Robinson Clay Product Co. 


Pipe Cleaning 

Centriline Corp. 

Flexible Inc 

Homestead Valve Mfg. Co 
National Water Main Cleaning Co 
W Stewart, Inc 


Pipe Coatings and Linings 
oat Corp 
Pipe & Construction Co 


pers 
nal Water Main Cleaning Co 
Austen Mfg. 
Engr. & Mig. Co 


Pipe, Concrete 
American Concrete 
A 
American-Marietta Co 
American Pipe & Construction Co 
icrete Pipe Co., Inc 
int Pipe ¢ 
Sewer Pipe Ltd 


Pressure Pipe 


L 
National (Canada) 
Portland Cement Assn 
Price Brothers Co. 

Hider 

» Products Co. 


Fittings 

ast Iron Pipe Co 

pe Research Assn 
‘lay ( 


Pipe 


Wheel Co 
atti 
Sewer Pipe Ltd 

rs Co, 
Product Co 


(Canada) 


Pipe Foundry Co 
Wi d Co. 


Pipe Jointing Materials (see 
Jointing Materials) 


Plastic 

at Corp. 

Evanite Plastic Co. 

Pipe, Repairs 

Centriline Corp. 
nit slair, Inc 


Pipe, 
A merce 


Pipe, Steel 
American Pipe 
Armco Drainage & Metal 


& Construction Co 

Products, 
Inc 

Keasbey & Mattison Co 

4. O. Smith Corp 


Plastic Pipe Products 
Amercoat Corp 

Evanite Plastic Co 
Keasbey & Mattison Co 


Publications 
Magazine 


s (England) 


Engineering Magazine 
Water & Sewage Wor 


Pump Controls 
Builders-Providence Div., 
dustrie 

icago Pump Co 


B-I-F In- 


EI ectric Co 
s-He neywell ator Co., 
wn In trumer D 
Instruments Div Meter 
well Mfg. Co 
1ith & Loveless 
stinghouse Electric Corp 
Worthington Corp 
Zimmer & Francescon 


J 
| 
} 
} 
| 
; 
nc 
K 
Research Corp Ra Per 
Sterling Drug Ir xboro ( 
Infil Inc | 
Minneapolis-H 
Pe Instrume 
( 
Rockwell M 
Ci Roots-( of 
ey and | mple | 
e Controls and Wort | 
‘ 
| 
Chain Belt Co. A me 
uy! | Dorr-Oliver Inc. Cast I 
Inf In Griffin I 
sl] Regulator Co., | Jefirey Mig. Keasbe 
: Wem Price Br 
Div., Penn Meter Motors Robir 
| Chicago Pump Co Smith 
Fairbanks, Morse & Co. U.S 
Inc. | General Electric Co. R. 1 
Link-Belt ( 
Worthing 
Worthingt 
2 
ee Pressure Pipe | 
Be ‘ W. S. Dickey Clay Mfg. ¢ 
Gray Concrete Pipe (¢ Inc 
Keasbey & Mattison 
National Sever Pipe 

National Sewer Pipe { 

Per \ 
| 

W. S. Dick ( Mig. Co 

Johns-Manville S Cor 
Eng ing News-Record 
Liverpool University Pres 
| | 
| ‘ 
| 


Phillpot, Ross, and Saarinen, Fort 
Lauderdale; ‘‘ Extension Policies,’’ by 
Garrett Sloan, Chief Engineer, De- 
partment of Water and Sewers, City of 
Miami; ‘‘ Value and Depreciation,’’ by 
Walter R. Avery, Valuation Consult- 
ant, Engineering Valuation Co., Boca 
Raton; and ‘‘Operation of Private 
Utilities Under State Requirements,”’ 
by Larry Johnson, Larry Johnson As- 
sociates, Miami. 

“The Biota of Secondary 
Treatment,’’ by Wilson T. 
Assistant Research 
sity of Florida, Gainesville. 

Panel discussion on *‘ The Ocean Out- 
fall as a Means of Sewage Disposal,”’ 
Thorndike Saville, Director of Science 
and Engineering Center Study, Uni- 
versity of Florida, Gainesville, mod- 
erator. Ineluded in this discussion 
“Design of Ocean Outfalls,’’ by 
George S. Russell, Sr., President, Rus- 
and Axon, Consulting 
St. Louis, Mo.: ‘‘ Construction of Ocean 
Outfalls,’” by Rand, Marine 
Engineer, Powell Brothers, Inc., Fort 
Lauderdale ; and ‘‘Operation and Main- 
tenance of Ocean Outfalls,’’ by Joseph 
C. Woolf, Superintendent of Water 
Treatment and Sewage Disposal, Lake 
Worth; Robert G. Hutcheon, Partner, 
Norman Schmid and Associates, Palm 
seach ; and J. D. Roth, Superintendent, 
Water Department, City of Miami 
seach. 

**Solid Waste Disposal, 
Patton and C. I. 
Engineers, Florida 
Health, Jacksonville. 

‘*Relations Between Air and Stream 
Pollution,’’ by E. R. Hendrickson, 
Chairman, Florida Air Pollution Con- 
trol Commission, Gainesville. 


Sewage 
Calaway, 


Professor, Univer- 


were: 


sell Engineers, 


> 
Burgess 


by V. D. 
Harding, Sanitary 
State Board of 


Environmental Monitoring as a 
prelude to Plant Start-Up,’’ by Charles 
R. McHenry, Industrial Hygienist, 
American Cyanamid Co., New York. 
‘*Pollution Problems Associated with 
a Nuclear Power Generating Plant,’’ 
by Robert W. Long, Staff Physicist, 
Nuclear Engineering Corp., 


General 
Dunedin. 


JOURNAL WPCF 


437a 

The new officers of the Association 

are: 

President: M. K. 
ville. 

Vice-President: Ellis K. Phelps, Or- 
lando. 

Director: David B. Smith, Gainesville. 

Secretary-Treasurer: Vincent D. Pat- 
ton, Jacksonville. 


Dawkins, Jackson- 


V. D. Parron 
Secretary-Treasurer 


(Continued on page 441a) 


Personnel 
Service 


Classified ads will be accepted for “Personnel Avail- 
able’ and “Personnel Wanted’’ only. Rates are $1.50 
per line, with minimum of $5.00. Deadline for ad copy: 
10th of the month preceding the issue desired. Send ad 
copy to Classified Advertising Dept., Water Pollution 
Control Federation, 4435 Wisconsin Ave., Washington 
16, D. C. Send replies to same address for ads with 
JournaL box numbers. 


Personnel Wanted 


Sanitary engineer with extensive experience in 
preliminary engineering, detailed design, general over-all 
supervision or client contact on sanitary projects. Sub- 
mit complete resume of education, experience and quali- 


fications, together with salary requirements Stanley 
Engineering Company, Muscatine, Iowa 

Superintendent of sewer systems, pay range 
$8,280-$10,500. Liberal fringe benefits; age limit 30- 


55. Employee in this class is responsible for adminis- 
tration of the Div. of Sewers in Water & Sewers Dept 
This division has 73 employees. There are 2 secondary 
treatment plants (activated sludge and biofiltration) and 


750 miles sanitary sewers and pumping stations to be 
maintained. Sewer system serves half-million popula- 
tion Treatment plants and sewers presently under ex- 


pansion. Extensive experience in operation and mainte- 
nance of a sewer system with considerable supervisory 
experience Degree in sanitary, civil, or mechanical 
engineering. Required to meet standards of a medical 
exam. Apply to Leroy J. Brenneman, Personnel Direc- 
tor, 324 W. Washington, Phoenix, Ariz 


Sewage disposal and treatment engineer—Grad- 
uate sanitary engineer, civil or chemical engineer with 
6 years experience in sewage treatment plant; age 28 
to 45; salary $7500-$8200 


Assistant sewage disposal and treatment engi- 
neer—Same qualifications as above except 4 years experi- 
ence; age 26 to 45; salary $6000-$6600 


Chief sewage chemist—Graduate chemist with 5 
years full-time experience in analytical work in sewage 
treatment; age 26 to 45; salary $5100-$6000. 


These 3 positions are under Civil Service with liberal 
pension, vacation, and sick leave benefits. If called for 
interview City will pay travel and reasonable incidental 
expenses Send education, experience, references, and 
personal data to Director of Waterworks, Room 201, 
City Hall, Nashville 3, Tenn 
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Pumps, Airlift 

Davco Corp 

Walker Process Equipment Inc 

Pumps, Chemical Feed 

Proportioneers Div., B-I-F Industries 

Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Sutorbilt Corp. 

Pumps, Grit 

Nagle Pumps, Inc. 

Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co. 

Chicago Pump Co. 

Davco Corp. 

Eimco Corp. 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Infilco Inc. 

Marlow Pumps, Div. of Bell & Gos- 
sett Co. 

Smith & Loveless 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co 

C. H. Wheeler Mfg. Co 

Worthington Corp 

Yeomans Brothers C 

Zimmer & Francescon 

Pumps, Sludge 

Alpha Ltd. (Switzerland 

American Well Work 

Aurora Pump Div., 
Air Brake Co. 

Ralp h B. Carter Co 

Chicago Pump Co 

Dorr-Oliver Inc. 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Hardinge Co., Inc. 

Infileo Inc. 

Komline-Sanderson Engr. Cor 

Marlow Pumps, Div. of Bell & Go 
sett Co 

Nagle Pumps, Inc 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Cc 

Worthington Corp 

Yeomans Brothers C 

Zimmer & Francesc 


The New York 


Pumps, Vacuum 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Sutorbilt Corp 

C. H. Wheeler Mfg. Co 

Pumps, Water 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co 

Ralph B. Carter Co. 

Chain Belt Co. 

Chicage Co. 

Eimco Cory 

Fairbanks, Mi se & Co 

Gorman-Rupp 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Wallace & Tiernan Inc 

C. H. Wheeler Mig. Co 

Worthington Cory 

Yeomans Brothers C 

Zimmer & Frances 


Radiation Monitoring Egquip- 
ment 

Westinghouse Electric Corp 

Radios, Mobile 

General Electric 


Recorders (also see |! 
Recording, and Control 
Builders-Providence Div., B-I-F In 

dustries 
Fischer & Porter Co. 
Fisher Scientific Co. 
Foxboro Co. 


truments, 
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General Electric Co 

Minneapolis-Honeywell Regulator C« 

Brown Instruments Div 

Ohmart Corp 

Penn Instruments Div., Penn Meter 
( 

Wallace & Tiernan Ir 

Refractory Building Materials 

Carborundum Cx 

Johns-Manville Sales Corp 

Robinson Clay Product Co 

Stebbins Engr. & Mig. Co 


Safety Equipment 
\ irec, Inc 


Sampling Equipment 

( igo Pump Co 

Infil Inc 

Lakeside Engineering Corp 
Sand, Gravel, and Stone 
Graver Water Conditioning Cx 
Screening Equipment 


Alpha Ltd. (Switzerland) 
Americar wee Works 


Chain Be ) 
Chicag P th Co. 
Dorr-Oliver Inc. 
Eimco Corp 
Infileo Inc 

Jeffrey Mfg. Co 
Link-Belt Ce 


s Equipment Inc. 
Zimmer & Francescon 


Sedimentation Equipment (also 
ee Clarifier Equipment) 


Alpha Ltd. (Switzerland) 
Ar Well Works 
Ralph B. Carter Co 
Chain Belt Co 

I r-Oliver Inc 


in Corp 
Graver Water Conditioning Co. 
Hardinge Co., Inc 


Ir 
Jeffrey Mig. Cc 
K ine-Sanderson Engr. Corp. 
Lakeside Er 
Link-Belt 
Valker Process Equipment Inc 
Webster Mfg., Inc 
Yeomans Brothers Co 


gineering Corp. 


Sew er Cleaning Equipment 
Flex Ir 


I tead Valve Mig. Cx 
National Water Main Cleaning Co 
W.H Stew art, Inc 


Sewer Inspection (see Inspection, 
Sewers) 


Shredders (also see Comminutors 
ind Grinders) 

Alpha Ltd. (Switzerland) 

Ct Belt ¢ 

Dorr-Oliver Inc 

Gruendler Crusher & Pulverizer Co 

Jeffrey Mfg. Co 

Yeomans Brothers Cx 


Siphons 
pha Ltd. (Switzerland) 

an Well Works 

h B. Carter C 


I 

I 

Lakeside Engineering Corp 
Pacif Flush Tank Co 
Yeomar grothers Co 


ludge Concentrators 
mco Corp 
Nichols Engr. & Research Corp 


Sludge Flotation Equipment (see 
Flotation Equipment) 


Sludge Handling and Control 
Chain Belt Co 

Dorr-Oliver Inc. 

Ein Corp 

Jeffrey Mfg. Co 

Link-Belt Co. 


Nichols Engr. & Research Corp 
Walker Process Ex vent Inc 
Zimpro, Div. of ing Drug Inc 


er 


Sludge Removal Equipment 
Jeffrey Mig. Co 


I nk-Belt Co 
Webster Mfg., Inc 
Zimpro, Div. of Sterling Drug Inc 


Sludge Shredders 

Alpha Ltd. (Switzerland) 

Gruendler Crusher & Pulverizer Co. 

Jeffrey Mfg. Co. ‘ 


Sprockets 

Chain Belt Co. 
Link-Belt Co 
Webster Mfg., Inc 


Steel Pipe Products 

Armco Drainage & Metal Products, 
Ir 

Structural Metal 

Alpha Ltd. (Switzerland) 

Switchgears 

Alpha Ltd. (Switzerland) 

General Electric Co 

Westinghouse Electric Corp. 

Worthington Corp 


Tanks 
Chain Belt Co. 
Link-Bel t Ce 


O. Smith Corp 
Stebbins Engr. & Mfg. Co. 


Tools 


Flexible Inc 


Transformers 

Alpha Ltd. (Switzerland) 
General Electric Cc 
Westinghouse Electric Corp 


Trickling Filter Equipment (see 
Filter Equipment, Trickling) 


Trucks and Tractors 
Fir Corp 


Turbines 
Worthington Corp 


Vacuum Filters (also see Filters, 
Vacuum) 

Bird Machine Co 

Dorr-Oliver Inc 


hin Corp 
Komline-Sanderson Engr. Corp 
Proportioreers Div., B-I-F Industries 


Valve Converters, Automatic 

C. H. Wheeler Mfg. Co 

Valves and Gates 

Armco Drainage & Metal Products, 


B -Providence Div., B-I-F In- 
( in Valve Mfg. Co 

Dez Tp 

I 1 Equipment Corp 


Hom mé tead V Valve Mig Co 


Rockwell Mfg. Co 

Roots-Connersville Blower, Div. of 
Dresser Industries Ir 

Simplex Valve and Meter Co. 

A. P. Smith Mfg. Co 

Snow Gates & V Inc 

Westinghouse Electric (¢ 

W-K-M Div. of ACF Fodueteles, Inc. 

R. D. Wood Co 

Yeomans Brothers Co 


Vessels (see Tanks) 


Devices 
B *rs-Providence Div., 


B-I-F In- 


Fairbanks, Morse & Co 
Fisher Scientific Co 
Wallace & Tiernan Inc 
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WPCF publications 


Safety in Wastewater Works 


information on hazards, acci- 
s methods, safe prac 
juipment. 56 pages. $0.75 
to others. Order as 


tilization of Sewage Sludge as 


valuation of advan 
f siudge as a soil 
ms $0.75 to mem 
Order as Item 


Diffusion in Sewage Works 


practice in design, 
n, and maintenance of 
ms and appurtenances. 75 
nbers; $1.25 to others 
MOP 5 7 


: Expression for Wastes 
Vaste treatment 


i units for quantities 
n wastes and waste 
$0.25 to members; 


1s [tem MOP-6.* 


wer Maintenance 


a municipal or 
n serviceable 
to membe 


rs 
Item MOP-7.* 
Treatment Plant Design 


the Federation and 
ntation of the sub 


Design and Construction of 
Sanitary and Storm Sewers 


Prepared jointly by the Federation and 
ASCE. Detailed presentation of the sub- 
ject. Issued early in 1960, this has been 
reprinted with extensive corrections to 
several pages. Those with the 1960 edi 
tion can obtain a complimentary reprint 
of the corrected pages. 283 pages. $3.50 
to members; $7.00 to others. Order as 
Item MOP-9.* 


Twenty-Year Index to Sewage 
Works Journal 

Covers Sewage Works Journal, 1928 
1948. Author, subject, and geographic. 


144 pages. Buckram bound, $3.00. Order 
as Item Dex-20 


Ten-Year Index to Sewage and 
Industrial Wastes 


Covers Sewage and Industrial Wastes, 
1949-1958. Author, subject, and geo 
graphic. 168 pages. Buckram, $4.00; heavy 
paper, $3.00. Order as Item Dex-!0. 


Glossary—Water and Sewage 
Control Engineering 

Prepared jointly by the Federation, ASCE, 
AWWA, and APHA. 2,600 terms per 


taining to nomenclature 274 pages 


$1.00. Order as Item Gl 


Binder 


Multiple wire, 2-in. capacity, for all 
MOP’s listed except 8 and 9 $2.00 
Order as Item Bi.* 


* Discount of 15 on orders for 12 or 
more of any one manual 


Water Pollution Control Federation 
B&I5 Wisconsin Avenue, Washington 16, D. C. 


pie Cost Item 
I MOP-7 
Mi MOP-8 
M MOP-9 
Bi 


1 is remittance for $ 


Print Name 


Member Association 


essary, postage will be added 


Copies | Cost Item Copies; Cost | 
Dex-20 

Dex-10 

Gl 

Zone State | 

Checks may be made payable to WPCF 7 
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DESIGN MANUALS 


“Sewage Treatment Plant 


¢ TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 


latest information for those 
interested in plant design. 


(WPCF MOP 8). 


¢ SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 
Sanitary and Storm Sewers,” the 


widely used sewer manual con- 


COMPANION VOLUMES 


taining 283 pages of comprehensive 


IN THE 


information, including more than 100 


illustrations. (WPCF MOP 9). 


FEDERATION 


MANUAL 
Each manual is offered to members at 


$3.50, and to others at $7.00. 


SERIES 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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UTAH WATER POLLUTION 
CONTROL ASSOCIATION 


The Utah Water Pollution Control 
Association held its 4th Annual Meet- 
ing, Feb. 6-7, 1961, at the University 
of Utah, Salt Lake City. The meeting 
was held in conjunction with the 12th 
Municipal Water and Sewage Works 
School. 

WPCF Executive Secretary Ralph 
E. Fuhrman spoke on, ‘‘ Your Role in 
Water Pollution,’’ at the luncheon on 
Keb. 7. He presented the Bedell 
Award to Lynn Thatcher, Salt Lake 
City; and the Hatfield Award to Emil 
Meyer, Salt Lake City. Dr. Fuhrman 
also miniature shovel tie 
clasps to retiring officers, as well as past 
presidents, for their service to the As- 
sociation. After the luncheon meeting, 
the Association held its business meet- 
ing at which the officers were elected 
for the coming year. 


presented 


Papers of interest included: 


‘* Insecticides and Herbicides: Water 
Pollution Considerations,’’ by Joseph 
W. Fitzpatrick, Chief, Water Quality 
Section, U. S. Publie Health Service, 
Denver, Colo. 

‘*Step ‘7’—Pump and Motor Main- 
by R. C. Nealey, Allis- 
Chalmers Manufacturing Co. 

‘*Safety,’’ by E. K. Olson, Safety 
Director, Kennecott Copper Corp., Salt 
Lake City. 

‘*Weather Forecasting,’’ by E. Arlo 
Richardson, Meteorologist, U.S. 
Weather Bureau. 

‘**Protective 


tenance,”’ 


Coatings and Cathodic 
Protection for Corrosion Control,’’ by 
John P. 
Company, 
Lake City. 

‘‘Units of Measurement,’’ by Jed F. 
Woolley, Assistant Professor, Depart- 
ment of Civil Engineering, University 
of Utah. 

**Hydraulies,’’ by Joseph C. Mehr- 
hoff, Lecturer, Department of Civil 
Engineering, University of Utah. 


Reeves and 
Salt 


Reeves, Manager, 


Corrosion Engineers, 
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‘*Bacteriology,’’ by Paul 8. Nicholes, 
Associate Professor of Bacteriology, 
University of Utah. 

‘*Physical and Chemical Character- 
isties of Sewage,’’ by Grant K. Borg, 
Professor, Department of Civil Engi- 
neering, University of Utah. 

‘“‘The Sewage Treatment Process,’’ 
by Calvin K. Sudweeks, Director, Sani- 
tary Engineering Section, Utah State 
Department of Public Health, Salt 
Lake City. 


Officers for 1961 are: 


President: Harold A. Linke, Salt Lake 
City. 

Vice-President: 
Brigham City. 

Director: Howard M. Hurst, Salt Lake 
City. 

Secretary-Treasurer: Wm. W. Ander- 
ton, Salt Lake City. 


Howard B. Kelly, 


Wm. W. ANDERTON 
Secretary-Treasurer 


WANT 
THE 
FACTS? 


Our new 4-page Market Facts 
will give you a comprehensive 
analysis of the wastewater 
market. It includes current 
activity, present and future 
needs, buying practices, com- 
plete list of products, total an- 
nual expenditures by products. 


Write for your complimentary 
copy. 
JOURNAL WATER POLLUTION 
CONTROL FEDERATION 
4435 Wisconsin Ave., Washington 16, D. C. 
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KEY 
to 
37,000 JOURNAL Pages 
in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 
important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
R435 Wisconsin Avenue Washington 16, D.C. 
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Incinerators—-Various sizes of in 
cinerators are 
letin. 
gested specifications are given in Bul- 
letin 185, Morse-Boulger, Ine., Dept. 


160, 80 Fifth Ave., New York 11. 


deseribed in a new bul- 


Engineering data as well as sug- 


Equipment mixers, vac- 
uum filters, and conveyors are 
the equipment featured in a new bul- 
letin, G3-B74 by Denver Equipment 


Co., P. O. Box 5268, Denver 17. Colo. 


Pumps, 
among 


Clay Pipe Joints—A two-part, cold- 
curing polyurethane elastomer, known 
as polyethane, is available for the pro- 
duction of factory-made clay pipe 
joints. Coast Pro-Seal & Mfg. Co., 
2235 Blvd.. Angeles 57. 


Calif. 


Los 


Beverl} 


Trenching Machine—A new crawler- 
type trenching and backfilling machine 
(Model T-66) is announced by Davis 
Mfg. Ine., 1500 8S. MeLean Blvd., 


Wichita 13, Kans. 


Automatic Valve Actuator—A valve 
actuator unit which 
convert manual valves already in use to 


conversion will 
automatie operation is available from 
C. H. Wheeler Mfg. Co., 19th and Le- 
high Ave., Philadelphia 32, Pa. 
Instruments—B-I-F Industries, 
Providence, R. I., has issued an 8-page 
bulletin about their Chronoflo teleme- 
tering equipment. Ask for Ref. No. 


230.20-2. 


Filter Media—Various filter media 
are described in a new &-page bulletin. 
Ask for Bulletin F-2037A from the 
Eimeo Corp., P. O. Box 300, Salt Lake 
City 10, Utah. 


Sludge Collectors—A 
brochure, Book 2746, is now available 
from Link-Belt Co., Dept. PR, Pru- 
dential Plaza, Chicago 1, Ill. The com- 
plete line of sludge collectors for ree- 


new 


28-page 


tangular settling tanks is deseribed. 


EQUIPMENT AND SUPPLIES 


Automatic Titration—-A new instru 
ment that colorimetrically determines 
equivalence point, automatically stops 
a chemical titration, and provides a 
digital readout of the equivalence vol- 
ume of titrant has been introdueed by 
American Co., Ine., 8030 


Georgia Ave., Silver Spring, Md. (see 


Instrument 


photograph 


Protective Paint—An anti-rust paint 
which is claimed to be suitable for di- 
rect application over rusted metal and 
yet provide a durable rustproof coating 
Industrial 
75th St., Cleve- 


Paramount 


2717 EK. 


is offered by 
Produets Co.. 
land 4, Ohio. 

Laboratory Equipment—A new line 
of corrosion-resistant clamps, supports, 
and holders for is avail- 
able from Fisher Seientifie Co., 717 
Forbes Ave., Pittsburgh 19, Pa. 


laboratories 


Boots—Lightweight eum rubber 
boots which stretch to fit several shoe 
sizes are marketed by So-Lo Marx Rub- 


ber Co., Loveland, Ohio. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
CONSULTING ENGINEERS Engineers 
Charles B. Burdick Louis R. Howson 
Water. Sewage, Industrial Wastes and Incineration Problems Donald H. Maxwell 
City Planning, High ways, Bridges and Airports Water Works, Water Purification 
Jams, Flood Control, Industrial Buildings Flood Relief. Sewerage, Sewage 
Investigations, Reports, Appraisals and Rates Disposal, Drainage, Appraisals, 
THREE PENN CENTER PLAZA Power Generation 
PHILADELPHIA 2, PA. Civic Opera Building Chicago 


ANDERSON- -NICHOLS JOHN J. BAFFA 
( SCompany Consulting Engineer 


C. 1 E Sewerage & Sewage Treatment 
onsulting Engineers Industrial Wastes Treatment 


Water Supply, Distribution and Treatment, In- Design Plans & Specifications 

dustrial Waste Treatment, Sewage Collection and Seeiitiaal a & Rate Studie 

Disposal, Refuse Collection and Disposal, Drain- nvesugatons & Hate Studies 

age, Highways and Bridges 75 West Street New York 6, N. Y. 
N.Y. 

Hartford, Conn. Boston 14 


MICHAEL BAKER, JR., INC. BAXTER AND WOODMAN 


Consulting Engineers, Planners & Surveyors Civil and Sanitary Engineers 


Atrport, Highway & Bridge Destgn; Water & Sewerage 
Cty Planning, Urban Renewal & Redevelopment Water Supplies Water Treatment 
Soils Lab; Complete Survey Service Sewer Systems Sewage Treatment 
Home Office: Rochester, Pa. Baker Bidg., P.O. Box 111 Industrial Waste Treatment 
Jackson, Miss. Charleston,W.Va. Harrisburg, Pa. Investigations 
Northview Dr. 19 Dunbar Street 2799 N. Fourth St. 
P.0. Box 9997 P. 0. Box 2148 P.O. Box 790 P. O. Box 166 Crystal Lake, Ulinols 


THOMAS W. BEAK BENJAMIN E. BEAVIN COMPANY 

Industrial Water Pollution Specialist CONSULTING ENGINEERS - SURVEYORS 
Pollution Studies Water Supply, Sewerage, Drainage 
Stream and Lake Surveys Soils and Geologic Engineering 


Toxicity Tests ; Ports, Airfields, Highways, Structures 
Biological and Chemical Analyses 


P.O. Box 220, Collins Bay, Kingston, BElmont 5-4570 104 E. 25th St. 
Ontario, Canada Baltimore 18, Maryland 


HOWARD K. BELL me BENHAM 
Consulting Engineers, Inc. ENGINEERING COMPANY 


WATER WORKS SWIMMING POOLS 

INDUSTRIAL WASTES DRAINAGE onsulting Engineers 

SEWERAGI GARBAGE DISPOSAL 

VALUATIONS RATES REPORTS 215 N.E. 23rd Oklahoma City 
OPERATION SUPERVISION 

553 S. LIMESTONE ST., LEXINGTON, KY. Established 1909 


Need professional help? Check these pages for the firms in your area. 
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BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 
Industrial Water 
Analysis Design 
Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


BLACK, CROW AND EIDSNESS 


INCORPORATED 
ENGINEERS 


Water, sewerage, power, hydrology, recalcination, 
waste treatment, valuation, special investigations 
and reports, laboratory services 


700 S.E. Third Street Gainesville, Florida 


BLACK & VEATCH 
Consulting Engineers 
Sewage — Gas — Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 

1500 Meadow Lake Parkway 

Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 


CLINTON L. BoGert IvAN L. BoGertT 
DONALD M. DiTMarRS ROBERT A. LINCOLN 
CHARLES A. MANGANARO WILLIAM MARTIN 
Water & Sewage Works 
Drainage 

Highways and Bridges 


Incinerators 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St 
New York 6, N.Y 


1000 Farmington Ave 
West Hartford 7, Conn. 


BOYLE ENGINEERING 
Consulting Engineers 


Water Sewers Streets 
Structures Surveys 


Reports—Special Districts 


331 Spurgeon Bidg. 


4525 Mission Gorge PI. 
Santa Ana, Calif. 


San Diego 20, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


CHECK HERE 
Whenever You Need 


Professional Advice 


FLOYD G. BROWNE AND ASSOCIATES 
CONSULTING ENGINEERS 


— Purification — Sewerage — Sewage Treatment 


Water Supply 


Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


125 West Church Street 


— Power and Industrial 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


ONLY $75 
for 12 ads, plus complimentary 
JOURNALS during your series. A 
card presents your services to the 
largest group of prospective clients 
in the wastewater field. 


Take advantage of the services of these outstanding firms! 
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24 
BurGess & 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


Columbus 12, Ohio 


2015 W. Fifth Ave. 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


P.O. Box 173 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street 


Boston 8, Mass. 


Capitol Engineering 
Corporation 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 


Consulting Engineers 


Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 
Sewage treatment, sewers, storm drainage, flood 
control—Water supply and treatment—Highway 
and bridges—Airports—Urban renewal—Electric 
and gas transmission lines— Rate studies, surveys 
and valuations—Industrial and _ institutional 
buildings. 


360 East Grand Ave. 


Chicago 11, Ill. 


CRAWFORD, MURPHY & TILLY 
Consulting Engineers 
TRAFFIC PROBLEMS—SWIMMING POOLS—SEWERS 
SEWAGE TREATMENT—WASTES TREATMENT 
WATER WORKS—RESERVOIRS—DRAINAGE 
FLOOD CONTROL—AIRPORTS—STREETS 
HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 


755 South Grand West Springfield, Illinois 


Damon & Foster 


Consulting Civil Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 


These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 


also assist the readers. 


Consult these specialists for professional assistance! 
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PROFESSIONAL 


SERVICES 


PROFESSIONAL 
SERVICES 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


Sewage Treatment 
Water Supply and Distribution 
Bridges—I 


Sewerage and Drainage Systems 


Incinerators 
Port and 
Industria! Buildings 


Airports xpress Highways 


Terminal Works 


11 Beacon Street 


Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Supply, Water Treatment, 


Sewer lreatr 


sewage 


Waste 


ent, 
Industrial Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FRIDY, GAUKER, 
TRUSCOTT & FRIDY, INC. 


Engineers 
Sewerage and Sewage Treatment 
Industrial and Domestic Water 5 
Citic Towns & ( lidated Comr 
Survey Re yort ar d mple te De ig 


1321 Arch Street 


Philadelphia 7, Penna. 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generation 1867 

Water Supply; Sewerage; Structures; 

Jrainage Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


s Since 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
JouRNAI This is where potential 
clients seek professional assistance 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


GANNETT FLEMING CORDDRY AND CARPENTER, INC. 


Engineers 


Sewage, Industrial Wastes & Garbage Disposal, Dams, Water Works, Highways, Bridges & Airports, 


Traffic & Parking 


Pittsburgh, Pa. 


Appraisals, Inve 
HARRISBURG, PENNSYLVANIA 


Branch Offices 
Philadelphia, Pa. 


stigations & Reports 


Daytona Beach, Fla. 


GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 
PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York 


READING, PA. 


Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 


Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Iilinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 


H. R. Green 
©. NEX G. R. Hotcuxiss 
J i H. A. MILier 
G B. W. 
Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 


Green Engineering Building Cedar Rapids, lowa 


Take advantage of the services 


of these outstanding firms! 
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Charles W. Greengard 
Associates 
Consulting Engineers 
Sewage Treatment, Sewerage, Drainage, 
Water Supply, Industrial Waste Treat- 
ment, Roads, Subdivisions, Investigations, 
Reports, Designs and Supervision 
Deerfield, Illinois 


PROFESSIONAL 
SERVICES 


L. B. GRIFFITH 
CONSULTING ENGINEER 


Research, Reports and Designs on Sew- 
age and Industrial Waste Treatment. 


450 West Broad St. Falls Church, Va. 


HASKINS, SHARP & ORDELHEIDE 
CONSULTING ENGINEERS 


Water—Sewage & Industrial Wastes—-Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kaneas City 5, Mo. 


H AVENS AND EMERSON 
. A. Burger A. M. Mock 
, W. Avery F. S. Palocsay 
E. S. Ordway G. H. Abplanalp 
S. H. Sutton 
Frank C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS— LABORATORIES 
Leader Bldg. w oolworth 
N. 


Cleveland 14, Ohio New York 7, 


HAZEN AND SAWYER 
ENGINEERS 


Ricnarp Hazen Avrrep W. Sawyer 
1. E. Hupson, Jn. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., New York 17, N. ¥. 


ANGUS D. HENDERSON 
Consulting Engineers 


Anous D. HenpEnsON 


Tuomas J. Casty 


Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave., Douglaston, L. 1, New York 


HENNINGSON, DURHAM 
& RICHARDSON 


Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


Omaha « Colorado Springs « Phoenix « Dallas 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Bross V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


George E. Hubbell Albert Roth 
Theodore G. Biehl George 8. Roth James W. Hubbell 


Homer W. Clark 


HUBBELL, ROTH G CLARK, Inc. 
Consulting Engineers 
Sewage and Industrial Waste Treatment 


Sewerage and Drainage Systems 


954 N. Hunter Blvd. Birmingham, Michigan 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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SERVICES 


PROFESSIONAL 
SER VICES 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 
Offices: 
East Coast West Coast 
20 Point Crescent 90 Panoramic Way 
Whitestone 57, N.Y. Walnut Creek, Calif. 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JOHNSON & ANDERSON, INC. 
Consulting Engineers 
Sewerage—Water Supply & Distribution—Bridges 
Highways—Municipal Engineering—Flood Con- 
trol & Drainage 

2300 Dixie Hwy., Pontiac, Mich. 
FE 2-0181 

Warren Office Flint Office 

24187 Ryan Rd. 604 Metropolitan Bldg. 

Warren, Mich. Flint, Mich. 

SLocum 7-1167 CEdar 9-4102 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. Toledo 6, Ohio 


Los Angeles 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5§ 
Salt Lake City Tacoma 


KIRKHAM, MICHAEL & ASSOCIATES 
ENGINEERS - ARCHITECTS 
Complete Mun al & Industrial Services: Investigations 
Reports, Design, Supervis f Construction, Rates 
WATER SEWAGE & WASTES 

STREETS AIRPORTS BRIDGES & STRUCTURES 
Omaha, Neb. 508 South 19th St. 
Rapid City, S. D. 519 Kansas City St. 
Fargo, N. D. 802 Sixth Avenue North 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad S1. Trenton, N. J. 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 
Water, Sewage, Industrial Wastes, Incinerators, 


Water Pollution Studies, Municipal Engineering, 
Aerial Mapping, Highways, and Bridges 


Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 


ONLY $75 


for 12 ads, plus complimentary 
JOURNALS during your series. A 
card presents your services to the 
largest group of prospective clients 
in the wastewater field. 


Consult these specialists for professional assistance! 
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Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street 


Rochester 4, N. Y. 


CHARLES A. MAGUIRE & ASSOCIATES 
Engineers 
Sewage Collection ond Disposal 
Water Supply and Distribution 


Drainage, Refuse and Pipelines 


14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R.1. 


CHAS. T. MAIN, INC. 


Consulting Engineers Since 1893 


STUDIES DESIGNS CONSTRUCTION MANAGEMENT 


REPORTS VALUATIONS 


Water Supply and Treatment ¢ Sewerage 
Sewage Disposal ¢ Industrial Waste Treatment 


BOSTON, MASSACHUSETTS « CHARLOTTE, N. CAROLINA 


GEORGE B. MEBUS, Inc. 
Consulting Engineers 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & Eppy 
ENGINEERS 


Soils, Foundations, Waterworks, Sewage 
Works, Drainage, Irrigation, Flood Con- 
trol, Refuse, Industrial Wastes, Airports, 

ilitary Projects, Industrial 
ercial Facilities. 


Statler Building, Boston 16, Massachusetts 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 
Water Supply— Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


Pasadena, Calif. 


535 BE. Walnut St. 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 
400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural — Power — Transportation 


165 Broadway New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, II 
Cc. lting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisa!s 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 
Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 


Water Supply Water Treatment 
Sewage and Waste Treatment 
Drainage Rates - Refuse Disposal 
25 West 43rd Street 3013 Horatio Street 


New York 36, N.Y Tampa 9, Florida 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


It pays to secure competent and experienced professional advice! 
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RADER AND ASSOCIATES 
Engineers and Architects 
Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations 
Plans, Specifications and Supervision of 
Construction Work 
The First National Bank Buliding, 
Miami 32, Florida 


REAVES & GREGORY 
Consulting Engineers 


C. REAVEs 
Paut D. Grecory 


3332 West Seventh Fort Worth 7, Texas 


REYNOLDS, SMITH AND HILLS 


ENGINEERING DIVISION 
Planning + Reports 
Design + Supervision 


BOX 4817 +» JACKSONVILLE 1, FLORIDA 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal anc 


Treatment 
Laboratories f¢ hemical and Bacteriological 
Analyses 
369 E. 149th St. New York 55, N.Y. 
MOtt Haven 5-2424 


WILLIAM G. RIDDLE 
& ASSOCIATES 


Consulting Engineers 


916 WEST 47TH STREET e PLAZA 3-2300 
KANSAS CITY 12, MISSOURI 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
V. A. VASEEN 
Appraisals—Reports 
Jesign—oupervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants 
Refuse Disposal, Airports 
2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fla. 


TRUMAN SCHLUP 
CONSULTING ENGINEER 


Highways, Structures, Water, Sewerage 
Reports, Design 


Investigations, Supervision of Construction 


1401 Fairfax Tratticway Kansas City, Kans. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations . Design - Supervision of 
Construction - Appraisals 

Water - Sewage - Streets 

Bridges - Foundat 

Drainage r 
Subdivision 1 
echanical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 


Fnyineers 
C/ Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, ( 


reatment 


slogical Analyses 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
ipal Public Works & 
Utilitie 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


It pays to secure competent and experienced professional advice! 
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John R. Snell 


Imc. 221 Cedar Lansing, Mich. ® 

Water Purification ® Water Supply ® Sewerage Systems ® 
Sewage Treatment ® Refuse Collection Composting ® Incin 
eration ® Urban Planning ® Industrial Waste © Bridges and 
Streets ® Soil 


and Foundations ® Research and Development 


IVanhoe 4-9493 


STANLEY 


ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicago 4, Ilinois 
Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 


Limited 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 


Studies—Surveys—Reports 


Columbus 15, Ohio 


245 N. High St. 


TIGHE & BOND 


CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 


Tel. JEfferson 3-3991 


Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 


Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 


Civil — Sanitary — Structural 


401 N. Federal 


Mason City, lowa 


J. STEPHEN WATKINS 


J.S. 


NS G. R. WatTkKINs 


CONSULTING ENGINEERS 


Municipal and Industrial 


Engineering, Water 


Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 


446 East High Street 


4726 Preston 


Lexington, Kentucky 
Branch Office 
Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 

Incinerators 

Sanitary, Industrial Wastes 
Erosion, Flood and Waterfront Works 


Reports 


235 East 45th St. 


Design 


New York 17, N. Y¥. 


Treatment, Recovery 


Supervision 


ROY 


F. WESTON, INC. 


Engineers—Biologists—Chemists 


Industrial Wastes 


Stream Pollution—Air Pollution 


Surveys—R 
Engineering 
Operation § 


Newtown Square 


ater—Sewage 
esearch— Development— Process 
— Plans and Specifications — 
upervision — Analyses — Evalua- 
tions and Reports 


Pennsylvania 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply 


WHITMAN & HOWARD 


Water Purification 


Engineers (Est. 1869) 


Sewerage 


Corrosion Control 
Sewage and Industrial 
Vastes Treatment 


Stream Pollution Studies 
Supervision, Valuation 


14 Beacon Street 


Laboratory 


Boston 8, Mass. 


Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 


Investigations, 


Reports, Designs, 


Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 


ENGINEERS & ARCHITECTS 
Investigations — Planning — Design 


Water, Sewerage, Streets, Highways, Bridges, 
Electrical, Airfields, Drainage, Dams, 


Treatment 


Chemical Testing 


Plants, Industrial Installations 
Lab — Aerial Mapping 


Electronic Computer Services, Reproductions 


631 East Crawford 


2930 Geo. W 


Salina, Kansas 
ashington Ave., Wichita, Kansas 


Consult these specialists for professional assistance! 
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INDEX TO ADVERTISERS 
(See pages 432a, 434a, 436a, and 438a for full listing of products.) 
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M.O.P. 7—-SEWER MAINTENANCE 


® complete coverage for protecting 
a $15 billion investment 


© a first in the field 

© 64 pages 

® 68 references 

® $1.00 to members; $1.50 to others 


® see coupon on WPCF Publications 
page in back of JOURNAL 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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..Walker Process sewage, water 
and waste treatment equipment 


Consulting Engineers, in designing modern igineering, continuing research and 
treatment facilities, have found that Walk- up-to-date manufacturing methods, Walker 
er Process offers one of the most complete Process has contributed many improve- 
selections of process equipment in the sani- ments and new developments. SPARJER 
tary engineering field. Walker Process en- aeration units, GASLIFTER digester gas- 
gineers and manufactures treatment units lift mixers, CARBALL COz producers, 
dle every phase of modern sewage CLARIFLOW clarifiers and SPARJAIR 
treatment processes, Similarly, equipment compact sewage treatment plants are but 
for iron removal, sedimentation, mixing, a few of the exclusive Walker Process de- 
ing, turbidity removal, velopments for which they are renowned. 
and carbonation is offered for water treat- Write for complete information. Sales- 
ment. Specially developed industrial units Engineering representatives are located 
are a available for solids-in-liquids re- throughout the U. S., Canada, Mexico, New 
covery and/or waste problems. Through Zealand, Australia and Japan. 


Walker Process Equipment Inc. 


FACTORY . ENGINEERING OFFICES . LABORATORIES . AURORA, ILLINOIS 
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OVER 50-YEARS. - 
EXPERIENCE 


Delivery of Roller Suspension Sewer Pipe 1960. 


LOCK JOINT 
RUBBER and CONCRETE JOINT 


A pioneer in the concrete pipe industry, Lock Joint Pipe 


RUBBER GASKCT—, CIRCUMFERENTIAL 
Company has devoted over half a century to the 
atts eS tat development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 

Tae Vance ST Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 

REINFORCEMENT DIAMETER 


resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 


SEWER AND CULVERT PIPE PLANTS tion, and flexibility. Produced in standard 8’ lengths, it 


Beloit, Wis Denver, Colo. ranges in diameter from 12” to 72”. 

Chicago, III. Cheyenne, Wyo. 

Rock Isl ii. } 
eens. feet at Lock Joint also produces machine made and cast pipe 


N. Kansas City, Kans. Hato Rey, Puerto Rico 
Tulsa, Okla Carolina, Puerto Rico 
Oklahoma City, Okla Ponce, Puerta Rico 
Palm Beach, Fla Wichita, Kans Caracas, Venezuela 


ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 


LOCK JOIAT PIPE CO. 


East Orange, New Jersey 


Pressure « Water « Sewer » REINFORCED CONCRETE PIPE « Culvert » Subaqueous 


4 = bi 
. Delivery of Havana Sewer Pipe 1907. 
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 COMPOUND-LOOP CONTROL 


Compound-loop Control by Wallace & Tiernan maintains chlorine 
residuals automatically—provides utmost flexibility in arrangement and 
process control. 

Chlorinator feed rate is adjusted by two signals: one from water 
flow. the other from continuous. automatic residual analysis. Since feed 
rate is the product of these signals, Compound-loop Control gives you a 
range of greater than 100:1. No matter how much flow or demand 
changes, your system always maintains the selected residual. 

Regardless of the size, type. or physical layout of your system, 
Compound-loop Control adapts readily. Electric, pneumatic, or 
variable vacuum control signals can be used. And you can in- 
stall Compound-loop Control as a package or convert to it, 


component by component, as your system expands. 


For more information, write Dept. S-145.54 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9,NEW JERSEY 4 
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